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TRANSFER  VALUES  OF  SECONDARY  SCHOOL  SCIENCE. 

LNTRODUCTION. 

THE  writer's  study  of  the  literature  setting  forth  the  aims  of 
science  teaching  in  secondary  schools  convinced  him  that, 
in  this  unexpected  quarter,  there  is  a  curious  absence  of 
scepticism.  Assumptions  pass  unchallenged,  unfounded  theory 
becomes  vested  with  authority  by  usage. 

There  seems  to  be  a  fairly  widespread  belief  in  the  disciplinary 
effects  of  science  study— that  it  gives  training  in  scientific  method, 
in  induction,  in  observation,  and  the  like.  A  number  of  quotations 
bearing  on  this  are  given  in  Appendix  A. 

If  science,  correctly  taught,  gives  training  in  the  scientific 
method,  a  method  applicable  to  all  situations  of  life,  then  there 
must  be  a  mental  difference,  detectable  perhaps,  between  those 
who  have  studied  science  and  those  who  have  not.  Among  other 
things,  one  would  expect  to  find,  ceteris  paribus,  a  fuller  develop- 
ment of  ability  to  reason  inductively  in  science  than  in  non-science 
students. 

Another  claim  insistently  made  for  science  is,  that  it  increases 
ability  to  observe  generally.  If  this  be  true  it  alone  would  be  ample 
justification  for  the  inclusion  of  physics,  chemistry,  biology,  and 
physiography,  in  our  curricula. 

The  Problem. 

To  establish  the  degree  to  which  secondary  school  science 
"transfers",  and  to  find  the  optimum  conditions  for  the  functioning 
of  this  transfer,  if  any,  require  a  great  mass  of  experimental  evid- 
ence. In  order  that  a  contribution  might  be  made  to  the  requisite 
array  of  facts  a  series  of  tests  has  been  constructed.  It  is  claimed 
that  an  important  factor  contributing  to  success  in  these  tests  is 
ability  to  perceive  relationships  and  form  generalizations.  Also, 
a  test  has  been  devised,  efficiency  in  which  is  believed  to  be  con- 
ditioned largely  by  power  to  make  observations  on  uni-planar 
representations.  In  mental  testing  such  claims  are  among  the  most 
difficult  to  sustain,  accordingly,  the  problem  will  be  defined  thus — 
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"To  determine  to  ivhat  extent  a  course  in  physics  or  chemistry  in 
Ontario  High  Schools  affects  ability  to  score  on  certai?i  tests." 

In  the  case  of  High  School  reagents  the  term  'course'  is  defined 
as  that  portion  of  the  year's  prescription  of  work  studied  by  the 
typical  subject  during  the  period  between  October  23rd  and 
March  17th.  In  the  case  of  Normal  School  reagents  the  reference 
is  to  the  full  academic  year. 

General  Procedure. 

Two  experiments  were  carried  out,  the  second  being  intended 
to  serve  in  some  measure  as  a  check  upon  the  first. 

Experiment  (1)  The  test  series  was  given  to  1304  boys  and 
girls,  pupils  in  the  Middle  and  Upper  Schools,  of  Ontario  high 
schools,  in  October  1925,  and  to  as  many  as  possible  of  the  same 
persons  in  March,  1926.  In  January,  1926,  Form  A  of  the  Otis 
Self-Administering  Tests  of  Mental  Ability  was  taken  by  the  group. 
As  data  from  pupils  who  failed  to  take  all  three  tests  were  useless 
for  this  inquiry,  and  as  some  schools  were  unable  to  continue  their 
co-operation,  the  effective  number  of  reagents  was  reduced  to 
515.  Information  regarding  the  course  of  study  pursued  during 
the  year  was  obtained  from  each  reagent.  It  was  expected  that  it 
would  be  possible  to  obtain  for  each  pupil  studying  neither  Middle 
School  Physics  nor  Chemistry  one  or  more  who  to  an  otherwise 
identical  course  added  either  or  both  of  the  subjects.  Pairs  whose 
Intelligence  Quotients  and  initial  score  fell  inside  a  fixed  range 
would  have  been  selected  for  training  and  control  groups.  How- 
ever, so  few  reagents  could  be  paired  on  the  basis  of  subjects  studied, 
that  the  following  less  desirable  plan  was  adopted.  Reagents, 
whose  IQ  and  initial  score  lay  within  certain  limits  were  paired 
when  their  courses  of  study  dilTered  in  respect  of  the  presence  and 
absence  of  a  given  science  subject,  their  other  subjects  not  necess- 
arily being  identical.  In  this  manner  training  and  control  groups 
were  obtained  not  only  for  Physics  and  Chemistry  but  also  for 
each  of  the  other  subjects  of  the  Middle  School  curriculum — Eng- 
lish, Algebra,  Geometry,  History  (Ancient  and  British),  Latin, 
and  French.  This  tedious  procedure  was  considered  necessary  in 
view  of  the  inequality  of  course  of  study  pursued  by  training  and 
control  groups  when  Physics  and  Chemistry  were  under  consider- 
ation. By  it  each  of  the  above-mentioned  eight  subjects  was 
manoeuvred  into  a  statistical  position  best  adapted  for  the  detection 
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of  transfer  values.  The  percentage  gain  of  each  training  group  in 
March  score  over  October  score  was  compared  with  that  of  the 
control  group.  Also,  comparison  was  made  of  the  number  of 
reagents  in  the  two  groups  making  gains. 

The  average  number  of  reagents  in  each  of  the  eight  training 
(or  control)  groups  was  40  with  a  range  of  24. 

Experiment  (2)  The  test  series  and  the  Otis  Self-Administering 
Test  of  Mental  Ability  were  given  to  560  Normal  School  students, 
candidates  for  First  Class  Teachers'  Certificates.  This  might 
naturally  be  expected  to  prove  a  comparatively  homogeneous  group 
with  many  identical  courses  of  study. 

For  investigation  of  the  effect  of  Upper  School  Physics  on  scores 
in  the  test  series,  reagents  were  paired  whose  courses  of  study 
throughout  high  school  were  identical  save  in  regard  to  physics, 
whose  sex  was  the  same  and  whose  IQ's  did  not  dift'er  by  more  than 
3.  In  this  way  training  and  control  groups,  each  of  26  reagents,  were 
obtained,  the  mean  IQ's  and  chronological  ages  of  which  were 
identical  and  whose  high  school  courses  of  study  differed  only  by 
reason  of  the  presence  of  Upper  School  Physics  in  the  former  and 
its  absence  in  the  latter.  Moreover  in  this  experiment  it  was 
possible  to  obtain  the  standing  (first,  second,  third  class  honors, 
and  credit),  obtained  in  each  subject  at  the  uniform  Departmental 
Examinations  held  in  June  of  each  year,  and  thus  to  compare  the 
standards  of  academic  attainment  of  the  two  groups.  (However, 
since  the  teachers-in-training  did  not  necessarily  sit  for  these 
examinations  in  the  same  year,  and  since  it  cannot  be  doubted  that 
there  are  considerable  variations  of  standard  from  year  to  year,  too 
much  importance  should  not  be  attached  to  these  data).  The 
average  grades  obtained  agree  quite  closely. 

It  might  be  assumed  that  any  significant  difference  in  a  score 
made  on  the  tests  would  be  due  wholly  or  partially  to  the  single 
difference  in  the  course  of  study  pursued  by  the  two  groups.  But 
other  important  factors  cannot  thus  be  eliminated  and  this  piece 
of  evidence  must  not  be  over-estimated. 

Training  and  control  groups  were  obtained  for  Upper  School 
Chemistry  in  the  same  manner. 
Results. 

(1)     High  School  Experiment. 

(a)  Tests  involving  ability  to  perceive  relationships  and  to 
form  generalizations. 
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The  extreme  differences  in  percentage  gains  are,  7  per  cent,  in 
favour  of  the  control  group  in  the  course  in  which  Latin  predomin- 
ates, and  6  per  cent,  in  favour  of  the  training  group  in  the  course  in 
which  Geometry  is  emphasised.  In  regard  to  the  percentage  of 
reagents  making  gains  the  most  marked  differences  are  found  in  the 
cases  of  Geometry  and  Algebra.  In  the  former  course  77  per  cent, 
of  the  training  and  70  per  cent,  of  the  control  group,  in  the  latter 
87  per  cent,  of  the  control  and  82  per  cent,  of  the  training  groups, 
are  gainers. 

(b)  Observation  Test. 

A  6  per  cent,  residual  gain  was  found  in  favour  of  the  training 
group  when  Physics  was  the  predominant  element.  However,  only 
72  per  cent,  of  the  reagents  made  gains  in  the  training  group  as 
compared  with  67  per  cent,  in  the  control  group. 

When  Chemistry  was  made  the  curricular  difference  between 
training  and  control  subjects,  a  residual  gain  of  2  per  cent,  in  favour 
of  the  control  group  was  found.  There  were  62  per  cent,  of  the 
training  reagents  and  69  per  cent,  of  the  control  reagents  who  made 
gains. 

(2)     Normal  School  Experiment. 

(a)  Tests  involving  ability  to  perceive  relationships  and  to 
form  generalizations. 

In  the  case  of  Physics  a  4  per  cent,  superiority  of  control  over 
training  group  was  found. 

When  Chemistry  was  under  consideration  a  14  per  cent  superior- 
ity in  scores  was  evinced  by  the  training  group.  However,  only 
54  per  cent,  of  the  reagents  in  the  training  group  had  scores  greater 
than  those  of  the  corresponding  subjects  in  the  control  group. 

(b)  Observation  Test. 

When  Ph^'sics  was  the  curricular  difference  between  the  two 
groups  a  5  per  cent,  superiority  of  control  over  training  group  was 
found. 

In  the  case  of  Chemistry  the  control  group  showed  a  2  per  cent, 
superiority. 

Cojidusion. 

There  is  no  evidence  of  transfer  or  hindrance  from  Middle  or 
Upper  School  Physics  or  Chemistry,  nor  indeed,  from  the  Middle 
School  subjects,  English,  Algebra,  Geometry,  History,  Latin  and 
French,  to  such  abilities  as  are  measured  by  the  tests. 


CHAPTER  I. 
HISTORICAL  OUTLINE. 

EXPERIMENTAL  work  in  connection  with  transfer  may  be 
classified  roughly  as  (a)  dealing  with  memory,  (b)  involving 
perceptual  data,  (c)  dealing  with  sensori-motor  association, 
(d)  pertinent  to  school  studies. 

(a)  Special  training  and  a  general  memory  function. 

James'  (36)  experiment  was  the  first  attempt  to  substitute  facts 
for  opinions  in  this  field.  His  object  was  to  determine  if  training 
in  memorizing  one  kind  of  poetry  influenced  ability  to  memorize 
other  kinds.  Five  subjects  were  required  to  commit  to  memory  a 
certain  amount  of  verse.  The  time  taken  in  each  case  was  recorded. 
Then  all  were  practised  in  learning  various  amounts  of  poetry 
written  by  other  poets.  After  this,  the  reagents  learned  an  equal 
number  of  lines  by  the  same  author  as  in  the  first  test.  The  time 
taken  to  do  this  was  compared  with  that  previously  noted.  Two 
subjects  required  more  time,  the  other  three  rather  less.  This 
experiment  is  of  considerable  historical  value  but  contributes  little 
to  the  question  of  transfer  of  training. 

Peterson  (63)  repeated  James'  experiment  using  two  training 
and  seven  control  reagents.  Of  the  former,  one  gained,  the  other 
lost.    The  experiment  must  be  considered  inconclusive. 

Ebert  and  iMeumann  (53)  conducted  an  extensive  investigation 
to  find  the  efifect  of  training  in  memorizing  nonsense  syllables,  on 
efficiency  in  committing  to  memory  material  such  as  letters, 
numbers,  visual  signs,  verse  and  prose.  Six  adults  were  used  as 
subjects,  in  most  of  the  tests,  but  as  few  as  two  took  part  at  times. 
The  subjects  were  given  the  test  series  three  times,  before  practice, 
in  the  middle  of  the  practice  period,  and  after  practice.  Consider- 
able improvement  was  observed  and  this  was  attributed  by  the 
investigators  to  the  influence  of  practice  in  m.emorizing  the  non- 
sense syllables.  The  experiment  is  open  to  the  serious  objections 
that  there  was  no  allowance  made  for  practice  in  the  test  series,  and 
that  the  second  and  third  test  series  were  assumed  to  be  equal  in 
difficulty  to  the  first.    There  is  no  basis  for  this  assumption. 

17 
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Dearborn  (20)  repeated  Ebert  and  Meumann's  test  series  for 
the  purpose  of  determining  the  amount  of  training  due  to  them. 
He  pointed  out  that  a  considerable  part  of  the  improvement  found, 
must  have  been  due  to  this  uncontrolled  effect. 

Reed  (67)  repeated  Ebert  and  Meumann's  practice  experiment 
on  memory  and  found  no  confirmation  of  their  conclusion  that  there 
is  a  general  memorial  function  and  that  special  training  in  one 
function  improves  the  memory  in  general. 

A  controlled  experiment  was  carried  out  by  Fracker  (26)  to 
investigate  the  possibility  of  transfer  from  training  in  memory  for 
order  of  four  tones  of  the  same  pitch  but  of  different  intensities  to 
ability  to  memorize  stanzas  of  poetry,  geometrical  figures,  numbers, 
distances  moved  by  the  arm,  order  in  which  shades  of  gray  were 
presented,  and  also  the  order  in  which  tones  were  heard.  There 
were  eight  adults  in  the  training  group,  four  in  the  control  group. 
Claim  was  laid  to  the  detection  of  considerable  transfer.  This 
transfer  is  more  marked  in  the  case  of  those  tests  most  closely 
related  to  the  practice  series.  The  experiment  was  carefully 
executed,  but  is  open  to  the  criticism  that  an  insufficient  number 
of  subjects  was  employed.  There  are  considerable  vagaries  in  the 
scores  of  certain  reagents,  which  would  have  been  "ironed  out" 
had  larger  groups  been  used. 

Winch  (97)  divided  thirty-four  schoolgirls  into  two  groups  on 
the  basis  of  ability  in  memorizing  historical  passages.  One  group 
was  practised  for  sixty  minutes  in  memorizing  poetry.  The  other 
was  unpractised.  A  second  test  in  memory  for  prose  was  given  to 
both  groups.  The  practised  subjects  gained  on  the  average  10  per 
cent,  more  than  the  unpractised.  This  is  a  remarkable  gain  for 
such  a  very  short  period  of  practice. 

In  a  similarly  conducted  experiment  in  which  prose  passages 
dealing  with  geography  were  used  as  the  test  series,  the  residual 
gain  in  favour  of  the  practice  group  was  only  5  per  cent. 

The  same  worker  (98)  investigated  the  transfer  of  improvement, 
ia)  in  rote  memory  for  meaningless  material,  {b)  rote  memory  for 
significant  material,  to  substance  memory  for  stories.  Three 
experiments  were  carried  out  in  which  34-46  pupils  of  standards 
HI,  IV  and  V  respectively,  were  employed.  Training  and  control 
groups  of  equal  initial  ability  in  substance  memory  were  obtained. 
Small  residual  gains  in  favour  of  the  training  groups  were  obtained, 
which    scarcely    justified    the    workers'    unqualified    claim    "that 


Historical  Outline  19 

improvement  through  practice  in  rote  memory  for  things  with  and 
without  meaning,  is  followed  by  improvement  in  substance  memory 
for  stories."  Since  the  end  tests  were  read  three  times  to  the 
children  they  may  have  been  largely  rote  memory  tests  themselves. 
Thus,  doubt  may  be  cast  on  the  apparent  small  transfer.  Winch's 
experiments  are  noteworthy,  in  that  they  are  the  first  in  which 
groups  of  equal  ability  were  obtained,  they  are  also  among  the  first 
class-room  investigations. 

Dearborn  (21)  investigated  the  effect  of  practice  in  memorizing 
French  and  German  vocabulary  on  efficiency  in  memorizing  English, 
French  and  German  verse,  English  prose  and  chemical  formulae. 
The  number  of  reagents  practised  was  twelve;  there  was  no  control 
group.  Transfer  varying  from  0  to  52  per  cent,  was  found.  Dear- 
born reported  this  experiment  in  connection  with  a  suggested 
experimental  course  for  students.  The  amount  of  transfer  actually 
due  to  the  practice  series  is  purely  conjectural. 

Sleight  (75)  has  reported  a  very  carefully  conducted  experiment 
on  transfer  of  memory  training.  Eighty-four  schoolgirls  were 
divided  into  four  groups  of  equal  average  ability  on  the  basis  of 
10  tests  in  memory  for  material  such  as  names,  letters,  poetry, 
locations  on  a  map,  points  in  a  circle.  One  group  received  training 
in  memorizing  poetry,  the  second  in  learning  tables,  and  the  third 
in  reproducing  the  sense  of  prose  passages,  the  fourth  group  was 
unpractised.  Three  different  test  series  were  given,  one  before 
practice,  the  second  at  the  end  of  a  period  of  practice  and  the  third 
at  the  conclusion  of  another.  Care  was  taken  to  make  the  test 
series  of  equal  difficulty,  wherever  possible.  An  additional  pre- 
caution taken,  was  that  of  giving  the  three  test  series  to  the  schools 
in  different  order,  the  pooled  average  results  being  compared. 
There  was  "no  general  improvement  of  trained  over  untrained. 
The  training,  that  is  to  say,  did  not  improve  what  has  been  wrongly 
called  Hhe  memory'.  Its  effect  was  quite  specific  affecting  some 
tests  and  not  others.  There  was  no  sign  of  any  'formal  discipline', 
such  as  Meumann  thought  he  had  discovered."  This  exceedingly 
painstaking  piece  of  research  must  be  considered  as  one  of  the  most 
highly  significant  in  the  literature. 

Carey  (12)  gave  the  following  tests  to  a  group  of  school  children: 
(1)  Tests  in  discrimination  of  pitch,  colours,  size  of  angles,  rate 
at  which  a  metronome  ticked. 
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(2)  Memory  tests  in  the  kinds  of  sense  material  used  in  (1). 

(3)  (a)  Auditory  memory  test. 

(b)  Auditory  motor  memory  test. 

(c)  \'isual  memory  test. 

(4)  Two  tests  calculated  to  measure  the  "general  factor  'g'." 
School    marks    were    tabulated,    and    estimates    of    scholastic 

intelligence,  practical  intelligence  and  social  status  were  obtained. 
Coefificients  of  correlation  were  calculated,  from  which  the  author 
concluded  that  "with  regard  to  memory,  there  appears  to  be  a  very 
small  general  memory  factor.  Content  also  may  cause  a  small 
specific  correlation,  but  the  range  of  content  as  a  specific  factor  is 
not  so  pronounced  in  auditory  memory  as  in  auditory  discrimin- 
ation ...  on  the  whole  the  results  support  a  view  similar  to  the 
earlier  one  of  Thorndike,  if  the  general  factor  is  admitted,  and  the 
results  of  Dr.  Sleight."  This  careful  experiment  is  a  marked  con- 
tribution to  the  transfer  controversy. 

Gates  and  Taylor  (28)  conducted  a  very  carefully  controlled 
experiment  "to  test,  in  some  measure,  the  nature  of  improvement 
in  a  mental  function  memory."  Thirty-two  five-year-old  children 
were  used  as  subjects.  Each  child  was  matched  with  another  as 
nearly  as  possible  in  the  following  traits,  sex,  age,  mental  age,  IQ, 
scholastic  maturity,  and  memory  for  different  kinds  of  material. 
Both  groups  were  giv^en  tests  in  memory  for  digits,  letters,  unrelated 
words,  related  words,  geometrical  figures,  pictures,  and  picture 
names.  Then,  one  of  the  two  groups  received  practice  in  immediate 
memory  for  digits  on  78  days.  At  the  end  of  that  time  the  initial 
tests  were  repeated.  The  gain  of  the  practiced  group  in  ability  to 
memorize  digits  was  appreciably  greater  than  that  of  the  untrained 
group.  There  was,  however,  an  inappreciable  difference  between 
the  two  groups  in  respect  of  gains  in  immediate  memory  for  other 
materials.  The  experiment  bears  every  sign  of  being  executed  in 
a  thoroughly  scientific  fashion.  Its  important  bearing  on  the 
problem  of  transfer  is  obvious. 

(b)  Experiments  dealing  with  sensory  and  perceptual  data. 

Thorndike  and  Woodworth  (89)  investigated  the  influence  of 
practice  in  the  estimation  of  areas,  lengths,  and  weights,  on  ability 
to  estimate  different  areas,  lengths,  and  weights.  They  also  sought 
to  determine  to  what  extent  practice  in  perceiving  words  containing 
special  letters  affected  ability  to  perceive  words  containing  other 
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letters.  Four  subjects  were  tested  as  to  their  efficiency  in  judging 
the  areas  of  triangles,  rectangles,  circles,  trapezoids,  etc.  before 
and  after  training  in  the  estimation  of  areas  of  rectangles.  A 
similar  experiment  was  performed  in  which  weights  were  used.  It 
was  concluded  that  "improvement  in  any  single  mental  function 
need  not  improve  the  ability  in  functions  commonly  called  by  the 
same  name.  It  may  injure  it.  Improvement  in  any  single  mental 
function  rarely  brings  about  equal  improvement  in  any  other 
function,  no  matter  how  similar;  for  the  work  of  every  mental 
function-group  is  conditioned  by  the  nature  of  the  data  in  each 
particular  case." 

Judd  (38)  experimented  with  two  subjects  on  transfer  of  practice 
in  the  Miiller-Lyer  illusion.  The  effect  of  practice  was  known  to 
one  subject  but  withheld  from  the  other.  After  the  same  amount  of 
practice  in  each  case  the  illusion  disappeared.  On  reversal  of  the 
figures  the  subject  who  was  familiar  with  his  progress  soon  adapted 
himself.    In  the  other  case  the  illusion  increased  in  strength. 

Coover  and  Angell  (15)  gave  seven  reagents  tests  in  discrimin- 
ation in  shades  of  gray.  Practice  in  discrimination  of  intensities 
of  sound  was  then  given  to  four  of  them  by  means  of  a  sound 
pendulum.  The  practice  series  was  extended  over  54  days.  The 
first  tests  were  then  repeated.  A  slight  gain  was  observed.  There 
was  a  slight  loss  by  the  control  group  noted.  This  is  peculiar. 
Considerable  variation  in  the  gains  of  each  of  the  four  training 
reagents  makes  the  results  of  very  doubtful  value. 

In  Bennett's  (5)  experiment  sixteen  eleven-year-old  school 
children  were  tested  to  determine  to  what  extent  training  in  the 
discrimination  of  shades  of  blue  influenced  ability  to  discriminate 
between  other  colours  and  between  the  pitch  of  tones.  Consider- 
able gains  were  noted  in  ability  to  discriminate  between  colours 
and  a  lesser  gain  in  the  case  of  tones.  An  experiment  in  which  no 
attempt  is  made  to  allow  for  practice  received  in  the  training  series 
cannot  be  considered  a  serious  contribution. 

Scholckow  and  Judd  (39)  used  training  and  control  groups  to 
determine  if  knowledge  of  the  theory  of  refraction  had  effect  on 
accuracy  in  hitting  a  target  under  water.  One  group  was  given  the 
full  theoretical  explanation  of  refraction,  the  other  was  left  to 
benefit  from  experience.  In  the  first  series  of  tests  there  was  little 
difference  between  the  two  groups.  However,  on  changing  the 
depth  of  water  it  was  found  that  the  boys  acquainted  with  the 
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principle  adapted  themselves  rapidly,  while  the  others  made  large 
and  persistent  errors.  Knowledge  of  the  "theory  of  refraction" 
merely  gave  the  training  group  a  generalized  experience  which  no 
doubt  operated  to  a  certain  extent  in  a  manner  similar  to  practice. 

Kline  (42)  sought  to  determine  if  practice  in  cancelling  'e's' 
and  't's'  influenced  ability  to  cancel  nouns,  verbs,  prepositions, 
pronouns  and  adverbs.  Nine  subjects  were  practised  in  marking 
out  the  letters  for  30-45  minutes  per  day  for  14  days.  Previous  to 
and  subsequent  to  practice  they  were  tested  in  the  cancellation  of 
the  parts  of  speech.  A  control  group  was  employed.  It  was  found 
that  the  gains  made  by  the  control  group  exceeded  those  made  by 
the  training  group.  Since  the  untrained  reagents  were  distinctly 
inferior  in  initial  ability,  it  is  difficult  to  interpret  the  results. 

Whipple  (94)  investigated  the  effect  of  practice  upon  range  of 
visual  attention  and  of  visual  apprehension.  In  the  first  experiment 
nonsense  letter-combinations  were  exposed  by  means  of  the  tachisto- 
scope  to  six  adult  subjects.  The  number  of  exposures  ranged  from 
120-250;  the  duration  of  each  was  .08  seconds.  Whipple  found 
that  the  effect  of  the  exposures  upon  the  range  of  attention  was 
"curiously  small".  In  the  second  experiment  dots,  pictures,  non- 
sense syllables,  drawing,  and  stanzas  of  poetry  were  exposed  by  the 
tachistoscope  for  3  seconds  to  each  of  3  observers.  A  report  was 
required  after  each  observation.  Also,  objects  on  a  table  were 
displayed  for  6  seconds,  at  the  end  of  which  time  the  observer 
named  as  many  articles  as  possible.  The  results  give  no  support 
to  the  idea  of  general  ability  in  apprehension,  or  even  of  general 
ability  in  visual  apprehension. 

Foster  (25)  made  an  inquiry  into  the  value  of  training  in  visual- 
izing. Real  objects,  pictures,  and  nonsense  drawings  were  exposed 
to  three  reagents  for  short  periods.  The  observers  were  required  to 
make  immediate  reproductions  by  drawing.  At  times  this  was 
supplemented  by  written  descriptions.  Practice  lasted  for  40  hours, 
distributed  over  10  weeks.  "In  no  case  did  practice  increase  the 
ability  or  even  the  tendency  to  visualize.  The  best  reproducer  of 
visual  impressions  was  the  poorest  visualizer  .  .  .  The  ability 
gained  is  very  specific."  It  is  unfortunate  that  a  greater  number 
of  subjects  was  not  employed  in  this  suggestive  experiment. 

Dallenbach  (19)  performed  an  experiment  to  supplement  those 
of  Whipple  and  Foster.  \'irtually  the  same  material  was  used, 
but  the  drill  exercises  were  applied  to  children  instead  of  adults. 
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Moreover,  the  drill  period  was  longer  than  that  used  by  the  two 
previous  workers.  The  subjects  were  29  school  children  in  the 
second  grade.  Cards  on  which  were  printed  material  such  as 
numerals,  letters,  words,  and  geometrical  figures  were  exposed  by 
the  teachers  for  five  seconds.  Immediately  after  the  exposure  the 
pupils  reproduced  what  they  could  remember.  The  18  weeks  over 
which  the  experiment  extended  was  divided  into  9  periods — a 
period  of  fore  practice,  five  test  periods  and  3  drill  periods.  Data 
were  secured  for  each  pupil  for  each  of  these  9  periods.  Close 
correlation  was  found  between  school  work  and  visual  apprehen- 
sion. However,  it  is  stated  that  during  the  early  part  of  the  experi- 
ment the  method  of  visual  presentation  was  used  by  the  teacher 
in  some  phases  of  her  daily  work.  "The  improvement  in  the  school 
records  during  the  second  semester  may  be  due  in  large  measure  to 
this  direct  application  of  the  method."  This  experiment  though 
important  in  its  bearing  on  practice  effects  cannot  be  regarded  as 
contributing  materially  to  the  problem  of  transfer. 

(c)  Experiments  dealing  with  sensori-motor  association. 

Jastrow  (37)  compared  the  efficiency  of  two  sleight  of  hand 
experts  in  response  to  tactile  and  visual  stimuli  with  that  of  miscel- 
laneous groups  of  control  reagents.  Tests  were  given  in  traits  such 
as  tactile  sensibility,  in  the  arrangement  of  weights  in  order, 
reaction  time,  rapidity  and  comprehensiveness  of  perception. 
From  the  results  Jastrow  concluded  that  specialized  training  may 
have  little  influence  upon  other  forms  of  capacity.  The  experiments 
appear  to  be  carefully  performed,  and  although  inconclusive  are 
suggestive. 

Gilbert  and  Fracker  (30)  conducted  an  investigation  to  deter- 
mine to  what  extent  practice  is  reacting  to  sound  stimuli  affected 
reaction  to  electric,  tactile  and  visual  stimuli.  The  percentage  of 
time  gained  in  the  various  reactions  was  considerable,  but  in  view 
of  the  facts  that  three  subjects  only  were  employed  and  that  there 
was  no  allowance  made  for  gain  due  to  practice  in  the  initial  test, 
the  experiment  cannot  be  considered  of  other  than  historical  import- 
ance. 

Bair  (4)  investigated  the  effect  of  practice  in  tapping  keys  of 
a  typewriter  in  response  to  visual  stimuli  on  efficiency  in  tapping 
in  response  to  other  visual  stimuli.  Each  of  six  keys  of  a  type- 
writer was  labelled  with  a  symbol.  Fifty-five  of  these  symbols  in 
chance  order  were  shown  to  the  subject  who,  on  the  appearance  of 
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each,  tapped  the  corresponding  key.  The  time  taken  to  tap  the 
series  was  recorded.  This  process  was  repeated  until  twenty  sets 
of  symbols  were  used.  There  was  a  steady  decrease  in  the  time 
required. 

Bair  also  made  a  study  of  the  effect  of  practice  in  repeating  the 
alphabet  with  certain  variations  on  efficiency  in  repetition  with 
other  variations.  Increased  efficiency  was  noted.  There  can  be 
little  doubt  that  in  these  experiments  the  'identical  element'  was 
a  potent  factor. 

Coover  and  Angell  (15)  conducted  an  experiment  to  determine 
if  practice  in  sorting  cards  was  transferred  to  typewriter  reactions. 
Four  adults  were  given  training  in  sorting  cards.  In  each  case 
about  4000  cards  were  distributed.  The  practice  periods  were  dis- 
tributed over  forty  days.  Before  and  after  training  the  subjects 
were  tested  in  typewriter  reactions.  Three  persons  took  the  end 
tests  but  received  no  training.  The  authors  concluded  that  there 
was  evidence  of  transfer  but  the  facts  reported  do  not  support  their 
claim.  For  both  training  and  control  groups  there  is  a  decrease 
in  reaction  time,  but  there  is  an  increase  in  the  numbers  of  errors 
in  the  former  reagents  and  a  decrease  by  the  latter. 

Ruger  (69)  investigated  the  effect  of  practice  in  solving  mechan- 
ical puzzles  on  ability  to  solve  similar  or  dissimilar  puzzles.  The 
experiments  are  of  such  a  nature  that  a  summary  must  prove 
rather  inadequate.  Ruger  concluded  that  there  was  evidence  of 
transfer  and  gave  a  classification  of  transfer  factors. 

Pyle  (65)  made  an  inquiry  into  the  transfer  and  interference 
effects  of  card-distributing.  Eight  subjects  divided  into  two  equal 
groups  were  employed.  Numbered  cards  were  distributed  into 
compartments  numbered  haphazardly.  Two  schemes  of  number- 
ing these  compartments  were  used.  Group  A  alternated  from 
scheme  1  to  scheme  2  from  day  to  day  for  the  thirty  days  over  which 
the  experiment  extended.  Group  B  used  scheme  1  only  for  fifteen 
days  and  then  scheme  2  only.  It  was  found  that  ability  to  sort  the 
cards  into  compartments  numbered  according  to  scheme  2  was 
greatly  increased  with  practice  using  scheme  1.  Pyle  considered 
that  this  increased  efficiency  was  entirely  explainable  from  the 
standpoint  of  identical  elements. 

{d)  Experiments  pertinent  to  school  studies. 

(1)  Neatness.  C.  R.  Squire  (2)  sought  to  determine  if  insistence 
on  neatness  in  written  work  in  one  subject  would  affect  written 
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work  in  other  subjects.  During  a  period  of  three  weeks  this  trait 
was  emphasised  in  connection  with  work  in  arithmetic  only. 
Although  there  was  considerable  improvement  in  arithmetic  papers 
from  the  first  no  gain  was  noted  in  language  or  spelling  papers. 

Ruediger  (68)  modified  Dr.  Squire's  experiment  by  holding  up 
an  ideal  of  neatness  in  dress,  business,  etc.  As  in  the  previous 
investigation,  emphasis  was  laid  on  neatness  on  one  school  subject. 
Thirty-nine  reagents  from  three  schools  were  employed.  Papers 
were  examined  for  neatness  before  and  after  the  training  period. 
Improvement  was  noted  in  the  appearance  of  written  work  other 
than  that  in  which  the  trait  was  stressed. 

(2)  Grammar.  Briggs  (G)  constructed  a  series  of  tests  designed 
to  determine  to  what  extent  grammar  gives  training  in  detecting 
likenesses  and  differences,  constructing  and  applying  definitions, 
in  reasoning  syllogistically,  etc.  His  tests  were  given  to  pupils  in 
the  Horace  Mann  School.  After  taking  the  tests  the  pupils  were 
divided  into  two  groups.  One  of  which  received  three  month's 
instruction  in  formal  grammar,  while  the  other  pursued  studies  in 
language  and  composition.  A  second  set  of  tests  similar  to  the  first 
was  then  given  to  both  groups.  Conditions  were  now  changed,  so 
that  those  who  previously  took  grammar,  now  studied  language, 
and  vice  versa.  At  the  end  of  a  three  week  period  the  first  tests 
were  taken  by  both  groups.  Briggs  concluded  that  there  was  no 
transfer  from  training  in  formal  grammar  to  such  abilities  as  were 
measured  by  his  tests.  Rugg  (70)  writes,  "these  statistics  of  results 
of  this  study  have  been  presented  merely  as  averages  of  the  class 
scores,  which  in  some  cases  have  no  true  significance.  Data  should 
have  been  presented  showing: — the  gain  by  ages,  by  groups  of 
scholastic  ability  (equal),  the  number  and  proportions  of  gainers  in 
various  tests,  the  number  of  tests  in  which  various  proportions  of 
the  training  and  control  groups  gain." 

Starch  (83)  constructed  tests  in  formal  grammar  and  in  correct- 
ness of  English  usage.  These  tests  were  given  to  200  University 
and  High  School  students.  Tables  were  made  showing  the  average 
scores  in  knowledge  of  grammar,  average  scores  in  correctness  of 
usage,  and  number  of  years  of  study  of  foreign  languages.  "The 
tables  agreed  in  showing  one  very  significant  result,  namely  that 
the  study  of  foreign  languages  materially  increases  a  pupil's  know- 
ledge of  English  Grammar  but  only  slightly  increases  his  ability  in 
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the  correct  usage  of  the  English  language."    This  experiment  is  an 
important  contribution. 

(3)  Spelling.  \\'allin  (92)  conducted  an  experiment  to  deter- 
mine if  there  was  transfer  to  dictated  compositions  from  spelling 
efificiency  acquired  in  column  drills.  School  children  drawn  from 
three  schools  were  practised  in  spelling  by  the  column  drill  method. 
Dictation  was  then  given  in  which  words  previously  learned 
occurred.  A  test  of  efficiency  in  spelling  using  the  column  method 
was  also  made.  A  comparison  of  the  percentage  of  words  correctly 
spelt  in  each  method  was  made — that  in  the  composition  test  was 
96  per  cent,  in  the  column  test  98  per  cent.  The  conclusion  that 
drill  in  spelling  by  the  column  method  "may  produce  a  positive 
increment  of  spelling  efficiency  in  dictated  compositions,"  is  prob- 
ably quite  justified,  and  no  doubt,  explainable  on  the  theory  of 
'identical  elements'. 

(4)  Arithmetic.  Winch  (99)  investigated  the  influence  of 
improvement  in  numerical  computation  on  efficiency  in  arith- 
metical reasoning.  School  children  were  divided  into  two  equal 
groups  on  the  basis  of  tests  in  arithmetic  problems.  One  group 
practised  in  working  rule  sums,  the  other  was  occupied  in  studying 
histor>%  etc.  On  re-testing  the  two  groups  in  arithmetical  reasoning 
the  results  obtained  were  "two  irregular  to  warrant  the  conclusion 
of  any  definite  transfer." 

Starch  (78)  made  an  experiment  to  determine  if  there  was 
transfer  from  training  in  mental  multiplication  to  other  types  of 
arithmetical  operations  and  to  memory  span  for  numbers  and  words. 
Eight  reagents  were  practised  in  the  mental  multiplication  of  three- 
place  numbers  by  a  one-place  number.  Fifty  problems  a  day  were 
done  for  fourteen  days.  Seven  subjects  comprised  a  control  group. 
The  end  tests  consisted  of  addition  of  fractions,  addition  of  three- 
place  numbers,  memory  span  for  numbers,  subtraction,  multiplica- 
tion and  division,  memory  span  for  words.  The  gain  transferred 
to  the  arithmetical  operations  was  twenty-six  per  cent,  of  the  gain 
in  the  practice  series.  In  view  of  the  fact  that  some  of  the  end  tests 
were  all  but  identical  with  the  training  series,  it  is  surprising  that 
the  gain  was  not  greater. 

Winch  (100)  executed  a  careful  experiment  to  determine  if 
improvement  in  arithmetical  problematic  reasoning  involves 
improvement  in   non-arithmetical   logical   reasoning.     Fifty-eight 
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girls  of  average  age  twelve  and  a  quarter  years  were  used  as  subjects. 
Two  groups  of  equal  ability  in  logical  reasoning  were  obtained  on 
the  basis  of  six  tests.  Training  was  then  given  in  arithmetical 
problematic  reasoning,  after  which  the  reagents  were  again  tested 
for  ability  in  logical  non-arithmetical  reasoning.  He  found  that  a 
differential  improvement  of  about  150  per  cent,  in  problematic 
arithmetic  was  accompanied  by  a  differential  improvement  of  about 
30  per  cent,  in  logical  reasoning.  This  experiment  was  performed 
in  a  most  painstaking  manner  and  is  a  marked  contribution  to  the 
problem. 

(5)  Algebra.  iCelley  (40)  made  an  extensive  and  thorough 
investigation  to  answer  the  questions,  "what  are  the  values  of 
High  School  Algebra,  and  how  are  they  to  be  measured?"  The 
values  were  obtained  by  sending  a  questionnaire  to  92  men  and 
women  of  affairs.  A  test  intended  to  measure  certain  of  these 
values  was  devised  and  given  to  two  sections  of  High  School  pupils. 
The  pupils  were  divided  into  two  equally  capable  sections  on  the 
basis  of  scores  on  the  Rogers  Mathematical  Ability  Tests.  One 
section  was  given  the  regular  college  preparatory  algebra,  the  other 
an  algebra  which  "has  as  its  general  aim  the  realization  of  very 
much  broader  values  than  were  involved  in  mere  college  prepara- 
tion." Kelley  writes  "the  demonstrated  differences  between  the 
two  sections  are  in  such  fundamental  traits  as  to  support  the  view 
that  all  the  varied  and  important  values  claimed  for  High  School 
Algebra  may  largely  be  realized.  In  other  words,  the  fact  of  trans- 
fer of  very  broad  values  to  situations  not  all,  or  but  slightly, 
mathematical  in  their  nature  has  been  demonstrated."  This 
experiment  is  one  of  the  very  few  in  which  a  serious  attempt  has 
been  made  to  seek  conditions  favourable  to  transfer. 

(6)  Geometry.  Lewis  (46)  made  an  inquiry  by  the  static  or 
correlation  method  into  relationship  between  ability  in  law  and  in 
mathematics  in  the  case  of  students  at  Dartmouth.  He  also 
investigated  the  correspondence  between  efficiency  in  Geometry 
and  in  practical  reasoning.  In  this  experiment  tests  in  Geometry 
and  in  practical  reasoning  were  given  to  twenty-four  groups  of 
pupils.  From  his  results  in  both  inquiries  Lewis  concluded  that 
there  is  no  connection  between  ability  in  mathematical  reasoning 
and  in  practical  reasoning  or  law.  (Whipple  (34)  states  that 
Professor  Rietz  has  informed  him  that  the  original  data  obtained 
by  Lewis  do  not  warrant  the  conclusions  drawn  from  them.) 
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Collins  (14)  in  a  similar  experiment  found  considerable  corres- 
pondence between  ability  in  mathematics  and  in  other  subjects. 

Rugg  (70)  attempted  to  determine  "the  effect  of  a  semester's 
study  of  descriptive  Geometry  upon  specific  abilities  in  the  mental 
manipulation  of  spatial  elements  (a)  of  a  strictly  geometrical 
character;  (b)  of  a  quasi-geometrical  character;  (c)  of  a  non- 
geometrical  character".  The  training  course  was  the  prescribed 
freshman  course  in  the  engineering  curriculum  of  the  University  of 
Illinois.  This,  it  is  stated,  is  taught  primarily  as  a  disciplinary 
course.  The  test  series  consisted  of  two  tests  in  mental  arithmetic, 
one  in  the  mental  formation  of  as  many  new  words  as  possible  from 
the  letters  of  a  given  word,  one  in  the  mental  picturing  of  the  num- 
ber of  lines  required  to  print  certain  words  using  the  straight  line 
alphabet,  and  two  in  the  mental  determination  of  the  num.ber  of 
lines  necessary  for  the  construction  of  certain  geometrical  figures. 
Four  hundred  and  thirteen  engineering  freshmen  composed  the 
training  group,  eighty-seven  juniors  and  seniors  of  the  College  of 
Liberal  Arts  and  Sciences  made  up  the  control  group.  Rugg  claims 
to  have  obtained  evidence  of  substantial  transfer.  However,  there 
is  no  statement  of  the  course  of  study  pursued  by  the  control  group 
during  the  practice  period.  Also,  the  groups  were  not  of  equal 
initial  efficiency  in  the  tests.  In  the  results  of  two  tests  in  mental 
arithmetic  there  is  a  striking  and  unexplained  variation.  In  the 
one  the  residual  percentage  gain  is  .09,  in  the  other  15.78.  Moore 
(55)  taking  the  residual  gains  at  their  face  value,  points  out  that  in 
reality  there  is  little  evidence  of  spread  of  training.  This  experi- 
ment cannot  be  considered  as  furnishing  valid  evidence. 

(7)  Foreign  Languages.  Perkins  (61)  has  reported  an  investi- 
gation to  determine  the  relative  efficiencies  of  students  studying 
Latin  and  those  not  studying  it,  in  spelling,  definition  of  words, 
and  vocabulary  in  English.  Two  groups  were  chosen  so  that  the 
average  school  mark  in  Latin  and  English  of  the  one  was  equal  to 
that  in  a  Modern  Language  and  English  of  the  other.  Measure- 
ments were  made  in  the  following: — Spelling,  in  use  of  words  in 
sentences,  definitions,  meanings,  vocabulary.  Considerable  super- 
iority was  e\inced  by  the  Latin  group.  Teachers'  marks  are  a  very 
unsatisfactory  basis  for  the  procurement  of  groups  of  equal  ability. 
Starch  (83)  points  out  that  it  is  a  question  to  what  extent  the  Latin 
students  were  favoured  by  the  manner  of  selection  of  the  words 
for  the  tests. 
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Starch  (80)  compared  the  average  grades  for  four  years  of 
college  work  of  students  who  had  entered  the  University  with  Latin 
and  those  who  had  entered  with  German.  There  were  one  hundred 
and  four  students  with  Latin  only  and  forty-five  with  German.  A 
negligible  difference  in  the  two  grades  was  found. 

Partridge  (60)  made  comparison  of  standing  in  English  and 
number  of  years  with  Latin  studied  by  seven  hundred  and  eighty- 
three  pupils.  He  found  some  superiority  in  those  who  had  studied 
Latin  longest  and  ascribed  it  to  the  training  thus  received  rather 
than  to  natural  ability.  No  evidence  of  the  differences  in  capacity 
is  supplied. 

Harris  (32)  gave  three  hundred  and  twenty-four  freshmen  tests 
in  spelling  and  defining  words  of  Latin  origin.  A  comparison  was 
made  of  the  mean  scores  on  the  tests  and  number  of  years  of  Latin 
studied.  Although  students  with  four  years  of  Latin  show  greater 
efficiency  in  spelling,  there  is  little  difference  in  ability  between 
those  with  0,  1,  2,  or  3  years  of  the  language  period.  In  regard  to 
definition  the  correspondence  is  more  marked.  A  comparison  of 
grades  in  Rhetoric  and  number  of  years  of  Latin  showed  slight 
superiority  of  those  who  had  studied  the  language  longest.  This 
inquiry  is  open  to  the  same  objection  as  that  of  Partridge.  Neither 
experiment  makes  contribution  to  the  question  of  transfer. 

Wilcox  (95)  comparing  the  mean  grades  in  English  with  number 
of  years  of  Latin  studied  in  the  case  of  Iowa  High  School  Graduates 
found  that  those  first  year  pupils  who  chose  Latin  were  superior 
to  those  not  taking  the  subject.  This  superiority  was  maintained 
throughout  the  course. 

Starch  (81)  made  a  series  of  tests  in  order  to  determine  the 
relative  contributions  of  training  in  foreign  languages  and  original 
ability  toward  proficiency  in  writing  English  prose.  One  hundred 
and  seventy-seven  university  students  were  tested  in  writing 
compositions  and  in  vocabulary.  Nine  other  tests  were  given  in 
traits  such  as  reading  speed  and  comprehension,  perception, 
memory,  association,  and  imagery.  The  scores  in  the  various  tests 
were  compared  with  the  number  of  years  of  foreign  languages 
studied.  Starch  concluded  that  original  capacity  rather  than 
training  in  foreign  languages  was  responsible  for  differences  in 
ability  in  English  composition.  The  experiment  was  evidently 
performed  with  considerable  care. 

Smith    (76)    conducted   an   experiment   in   Wales   to   test   the 
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assertion  that  bilingualists  are  mentally  superior  to  monoglots. 
Tests  were  given  to  school  children  between  the  ages  of  8  and  11 
years  in  power  of  expression,  choice  of  vocabulary  and  accuracy  of 
thought.  Smith  concluded  that  the  monoglots  were  superior  to  the 
bilingualists.  There  does  not  seem  to  be  any  account  taken  of 
possible  difference  in  native  capacity. 

Saer  (73)  in  a  similar  investigation  found  that  the  monoglot 
children  in  rural  districts  in  Wales  show  considerable  superiority 
over  bilingual  children  in  the  same  districts  when  tested  by  the 
Binet  scale  of  intelligence.  There  is  however,  an  inconsiderable 
difference  in  the  intelligence  when  the  subjects  are  drawn  from 
urban  districts.  It  is  quite  possible  that  had  Smith  and  Saer  made 
a  study  of  parental  occupation  they  would  have  found  bilingualism 
more  frequently  associated  with  low  social  rank  than  monoglottism. 
If  this  were  true  it  would  indicate  reversal  of  the  causal  relationship. 

Carr  (13)  made  a  carefully  controlled  experiment  to  determine 
"(1)  to  what  extent  the  knowledge  and  training  resulting  from  the 
study  of  Latin  for  one  year  appeared  to  aid  in  increasing  the  pupils' 
understanding  of  English  words  connected  by  derivation  with 
Latin  words  presumably  learned;  and  (2)  whether  such  increased 
understanding  of  English  words  appeared  to  have  developed 
automatically,  or  to  have  resulted  from  specific  training  in  word 
analysis  and  derivation  in  connection  with  the  work  in  Latin." 
Data  on  the  first  point  were  secured  by  giving  a  test  in  English 
vocabulary  in  September  and  May  to  pupils  taking  first  year  Eng- 
lish at  High  School,  including  both  Latin  and  non-Latin  students. 
Seven  schools  co-operated,  the  numbers  in  the  Latin  Group  ranging 
from  8-155  and  in  the  non-Latin  group  from  19-122.  The  results 
showed  that  the  gains  made  by  the  Latin  groups  were  in  every 
school  greater  than  the  gains  made  in  the  non-Latin  groups.  To 
secure  data  on  the  second  point,  letters  of  inquiry  were  sent  at  the 
end  of  the  year  asking  whether  special  attention  had  been  given  to 
the  teaching  of  English  derivatives  in  connection  with  the  work  in 
first  year  Latin.  The  evidence,  although  not  conclusive,  indicated 
the  influence  of  special  instruction  in  the  technique  of  derivation. 
This  research  was  executed  in  a  painstaking  fashion  and  the  results 
are  consistent. 

Thorndike  (85)  sought  to  determine  the  influence  of  first-year 
Latin  upon  range  in  English  vocabulary.  At  the  beginning,  middle, 
and  end  of  the  school  year  Form  A,  B,  and  C,  of  the  Thorndike 
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Test  of  Word  Knowledge  were  given  to  all  pupils,  Latin  and  non- 
Latin,  in  the  first  year  of  56  High  Schools.  In  order  that  the  con- 
ditions of  the  test  might  be  identical  the  tests  were  usually  given  in 
classes  in  English  where  the  Latin  and  non-Latin  pupils  were 
mixed.  There  were  718  subjects  in  the  Latin,  922  in  the  non-Latin, 
group.  Latin  and  non-Latin  students  of  equal  initial  scores  were 
paired.  It  was  found  that  the  Latin  students  in  general  made  a 
gain  of  over  one  and  a  half  times  that  made  by  non-Latin  subjects 
of  equal  initial  scores.    The  results  vary  widely  in  different  schools. 

Another  inquiry  was  made  by  Thorndike  (87)  on  the  influence 
of  first-year  Latin  upon  ability  to  read  English.  Form  2  of  the 
Thorndike-McCall  Reading  Scale  was  given  to  several  thousand 
pupils  in  over  100  High  Schools  at  or  near  the  beginning  of  school 
year  1921-22;  Form  8  at  or  near  the  end;  and  in  all  but  a  few  of  the 
schools  Form  4  was  given  at  or  near  the  middle.  Latin  and  non- 
Latin  groups  were  obtained.  The  former  contained  1895,  the 
latter  1921,  subjects.  It  was  found  that  the  Latin  students  gained 
about  one  and  a  half  times  as  much  in  ability  to  read  as  the  non- 
Latin  students.  Whatever  caused  the  superior  gain  of  the  Latin 
group  was  a  feature  of  the  first  half  year.  This  curious  circumstance 
makes  explanation  of  the  superiority  very  difficult. 

Thorndike  and  Ruger  (88)  investigated  the  effect  of  first-year 
Latin  upon  knowledge  of  English  derivatives.  Forms  A,  B,  and  C 
of  the  Carr  English  \^ocabulary  Test  were  given  respectively 
at  the  beginning,  middle,  and  end  of  the  school  year  1921-22  to 
ninth  grade  pupils  in  41  schools.  2575  subjects  were  studying 
Latin,  2944  were  not.  Reagents  were  paired  on  the  basis  of  equal 
initial  scores.  Conditions  were  identical  for  the  experimental  and 
the  control  group.  It  was  found  that  in  words  of  Latin  derivation 
the  Latin  pupils  gained  in  the  year  about  two  and  a  half  times  as 
many  words  as  the  non-Latin  pupils.  In  words  not  of  Latin  origin 
there  was  no  demonstrable  difference.  This  research  is  a  serious 
contribution  to  the  subject, 

Gilliland  (31)  sought  to  determine  the  effect  of  study  of  Latin 
on  ability  to  define  words  of  Anglo-Saxon,  Latin,  and  Greek  origin. 
His  method  was  to  compare  the  number  of  years  of  Latin  studied, 
with  the  score  made  on  a  definition  test.  Fairly  close  correspond- 
ence was  found  between  the  number  of  years  of  Latin  and  ability 
to  define  words  of  Latin  derivation.  There  was  also  evidence  of 
slight  correspondence  in  the  case  of  Anglo-Saxon  and  Greek  words. 
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The  slight  gain  in  ability  to  define  words  of  Anglo-Saxon  and  Greek 
origin  might  possibly  be  attributed  to  the  fact  that  the  students 
electing  Latin  thereby  show  evidence  of  literary  predilection.  It 
would  be  very  surprising  if  the  study  of  Latin  did  not  have  con- 
siderable bearing  on  ability  to  define  words  of  Latin  origin. 

Kirby  (41)  made  an  analysis  of  the  effect  of  study  of  Latin 
upon  the  mastery  of  first — -and  second — semester  French.  The 
following  data  were  secured  for  268  students — -number  of  years  of 
Latin  studied  in  High  School,  grade  in  French  at  the  end  of  the  first 
semester,  and  rank  on  an  intelligence  test.  Coefficients  of  corre- 
lation between  the  number  of  years  of  Latin  and  university  grades 
in  first  semester  French  were  calculated.  The  writer  concluded 
that  "the  correlation  is  so  low  as  to  indicate  that  the  study  of  Latin 
by  the  methods  used  in  the  high  schools  from  which  these  pupils 
came  has  only  a  slight  relationship  to  the  probable  future  success  in 
first-semester  French  in  the  university."  In  this  experiment 
account  is  taken  by  the  method  of  partial  coefficients  of  correlation 
of  the  frequently  ignored  factor  of  native  capacity. 

Miller  and  Briggs  (54)  made  a  study  to  ascertain  if  study  of 
the  writings  of  classic  authors  develops  powers  of  original  express- 
ion. Over  three  hundred  translations  of  passages  from  Cicero  were 
examined  carefully.  "Attention  was  focused  not  on  the  accuracy 
of  the  translations  but  on  the  English  in  which  they  were  expressed." 
The  authors  concluded  that  the  evidence  was  overwhelming  that 
translations  were  likely  to  do  more  harm  than  good  to  English. 

Coxe  (16,  17)  investigated  the  influence  of  Latin  on  the  spelling 
of  English  words.  The  Buckingham-Coxe  spelling  scale,  consisting 
of  25  Latin  and  25  non-Latin  words,  was  given  to  pupils  in  58 
schools.  These  pupils  were  all  in  English  classes  in  the  same  year 
in  which  Latin  was  begun.  Beginners  in  Latin  as  well  as  those  not 
taking  the  subject  were  tested.  At  the  end  of  the  first  semester  and 
at  the  end  of  the  year,  second  and  third  forms  of  the  test  were  given. 
The  Latin  pupils  showed  an  average  gain  for  the  year  of  3.6  words; 
the  non-Latin  pupils,  a  gain  of  2.6  words.  On  words  of  non-Latin 
origin  the  Latin  group  gained  .2  of  a  word,  the  non-Latin  group, 
.1  of  a  word.  Coxe  states  that  "the  conclusion  is  warranted  that  in 
general,  Latin  as  now  taught  does  improve  the  spelling  of  English 
words  of  Latin  derivation,  but  does  not  assist  in  the  spelling  of 
words  of  non-Latin  origin.    Nearly  all  the  improvement  takes  place 
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in  the  first  semester".    In  view  of  the  smallness  of  the  reported  gain 
this  conclusion  is  not  an  understatement. 

(8)  Science.  N.  P.  Hewins  (34)  undertook  an  investigation  to 
secure  data  on  the  spread  of  training  in  observation  received  during 
a  high  school  course  in  biology.  Eighty-four  pupils  from  three 
classes  were  divided  into  two  groups  on  the  basis  of  scores  in  an 
observation  test.  In  this  test  both  botanical  and  non-botanical 
material  was  emplo^'ed.  The  latter  included  a  picture,  syllables, 
a  nonsense  figure,  geometrical  figures,  2-place  numbers.  Each  piece 
of  material  was  exposed  for  a  period  varying  from  1-10  minutes  at 
the  end  of  which  time  a  description  was  required.  The  training 
series  extended  over  twenty  days  and  consisted  of  practice  in 
recording  observations  on  leaves  and  flowers.  During  this  time 
the  control  reagents  were  employed  in  writing  answers  to  questions. 
In  the  second  test  series  the  material  was  very  similar  to  that  used 
in  the  initial  test.  Considerable  residual  gain  in  favour  of  the 
practised  group  was  found  in  the  case  of  biological  observations. 
However,  in  view  of  the  similarity  of  the  material  this  cannot  be 
accepted  as  evidence  of  transfer.  A  residual  gain  of  rather  less  than 
4  per  cent,  in  favour  of  the  training  group  was  found  in  connection 
with  non-biological  material.  No  significance  can  be  attached  to 
a  variation  of  this  magnitude.  Miss  Hewins  writes  "feeling  that 
the  balance  of  arguments  and  scientific  proof  were  against  formal 
discipline  when  the  investigation  was  begun,  I  am  forced  by  the 
results  obtained  to  admit  that  in  this  experiment,  the  proof  seems 
to  be  on  the  afifirmative  side."  It  is  impossible  to  concur  with  this 
conclusion. 

(9)  Simpson  and  Gadbau  (74)  sought  to  determine  if  instruction 
in  definition  resulted  in  "transfer  of  the  improvement  to  thinking 
and  expression  less  closely  related  to  the  instruction  given".  Two 
groups  of  school  children  were  selected  on  the  basis  of  equal  ability 
in  defining.  After  two  periods  and  also  after  six  periods  of  instruc- 
tion in  the  technique  of  definition  a  test  in  the  analysis  of  likenesses 
and  differences  was  given.  At  the  end  of  the  two  periods  the 
instructed  group  scored  9  per  cent,  more  than  the  uninstructed; 
after  the  six  periods  there  was  a  20  per  cent,  difference.  An  experi- 
ment in  which  such  remarkable  gains  resulted  after  such  a  short 
period  of  training  dem.ands  confirmation  before  it  can  be  considered 
seriously. 
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In  Thorndike's  investigation  (86)  into  the  disciplinary  outcomes 
of  school  studies,  8564  pupils,  in  IVIaj',  1922,  and  in  May,  1923,  were 
given  "alternative  forms  of  a  composite  of  tests  of  'general  intelli- 
gence' that  are  in  common  use,  plus  certain  ones  added  in  order  to 
have  measures  with  spatial  as  well  as  verbal  and  numerical  content." 
A  record  was  made  of  the  subjects  studied  during  the  year  and  the 
gains  in  the  examinations  put  into  relation  with  them.  The  facts 
show  that: — 

(a)  "The  amount  of  general  improvement  due  to  studies  is 

small", 

(b)  "The  difference  between  studies  in   respect    of    it    is 

small", 

(c)  "The  effects  are  also  qualitatively  not  what  the  tradi- 

tional  theories   would   expect.     The   order    ...    is 
Arithmetic  and  Bookkeeping,  first:  Physical  Science, 
second:   Algebra   and    Geometry,    third:    Latin    and 
French,  fourth:  Physical  Training,  fifth:  the  group 
composed    of    Civics,    Economics,    Psychology    and 
Sociology,  sixth:  our  miscellaneous  group  composed 
of  History,  Music,  Shop,  Spanish,  English,  Drawing, 
and  Business,  seventh:  Dramatic  Art,  Cooking,  Sew- 
ing,  and  Stenography,   and   the   Biological  Sciences 
come    last.      This    order    seems    less    satisfactorily 
explained  by  the  traditional  theory  than  by  a  mixture 
of  chance,  the  limitation  of  our  tests,  special  training 
and  general  training." 
This  comprehensive  experiment  makes  a  most  important  con- 
tribution to  the  problem  of  formal  discipline.     The  use  of  large 
numbers  of  reagents  enables  an   authoritative  conclusion   to  be 
drawn. 

H.  V.  Race  (66)  made  an  inquiry  into  (a)  degree  of  specialization 
in  the  learning  process,  (b)  the  relation  of  improvability  to  initial 
ability,  (c)  the  relation  of  improvability  to  general  ability.  Experi- 
ments were  conducted  in  which  college  students  were  practised 
in  addition,  multiplication  by  substitution,  and  cancellation — and 
superior  school-children  in  addition,  multiplication  by  substitution, 
language  completion,  reasoning  processes  in  United  States  History, 
and  Section  I,  Part  I  of  the  Thorndike  Intelligence  Examination 
for  High  School  Graduates.  A  study  of  the  correlation  of  gains 
due  to  practice  indicates  that  "improvability  of  learning  seems  to 
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be  specialized  rather  than  unitary".  This  is  a  painstaking  piece  of 
research  which  makes  a  valuable  addition  to  the  stock  of  relevant 
facts. 

Summary. 

(a)  Transfer  of  memory  training.  It  is  by  no  means  an  uncom- 
mon practice  among  reviewers  of  work  in  the  field  of  transfer,  to 
note  the  number  of  experimenters  on  each  side  of  the  controversy, 
and  then  to  declare  the  preponderance  of  evidence  to  be  on  the  side 
favoured  by  the  majority.  This  pernicious  custom  cannot  be  too 
strongly  condemned.  Even  a  casual  reading  must  reveal  that  the 
published  researches  are  of  very  uneven  quality,  and  that  the  only 
claim  many  of  them  can  make  is  that  of  contribution  to  historical 
background.  There  can  be  little  doubt  that  of  the  experiments 
described  in  this  summary  apart  from  Dearborn  and  Reed's 
repetitions  of  Ebert  and  IMeumann's  work,  only  those  carried  out 
by  SIeightn75),  Carey^  (12),  and  Gates  and  Taylor^  (28)  are  worthy 
of  serious  consideration.  These  researches  point  to  the  conclusion 
that  spread  of  memory  training,  if  existent,  must  be  very  small. 

(b)  Experiments  dealing  with  sensory  and  perceptual  data. 
The  character  of  the  experimental  work  is  such  that  it  does  not 
permit  the  drawing  of  any  general  conclusion.  Judd's^  (38)  experi- 
ment with  only  two  reagents  cannot  be  regarded  other  than  suggest- 
ive. Foster's^  (25)  work  is  open  to  the  same  criticism.  Perhaps  the 
conclusion  of  Thorndike  and  Woodworth*''  (89)  that — "Improve- 
ment in  any  single  mental  function  rarely  brings  about  equal 
improvement  in  any  other  function,  no  matter  how  similar", 
represents  the  general  trend  of  the  evidence  fairly  well. 

(c)  Experiments  dealing  with  sensori-motor  associations.  The 
experiments  of  Gilbert  and  Fracker^  (30)  and  Coover  and  Angell^ 
(15)  must  be  disregarded  in  view  of  faulty  technique  in  the  one  case, 
and  inconsistent  results  in  the  other.  Jastrow's^  (37)  results  are 
inconclusive.  This  may  be  expected  when  only  two  subjects  are 
employed.  Some  apparent  transfer  was  detected  by  Bair'"  (4), 
Ruger"  (69),  and  Pyle'-  (65).  However,  there  was  considerable 
similarity  between  the  practice  and  end  tests  in  each  case. 


^See  page  19.  *See  page  22.  ^See  page  23. 

=See  page  19.  *See  page  20.  "See  page  23. 

^See  page  20.  'See  page  23.  ''See  page  24. 

*See  page  21.  *See  page  21.  '^See  page  24. 
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{d)  Experiments  pertinent  to  school  studies.  The  reviewer  is 
confronted  with  a  fairly  large  body  of  experimental  evidence  in 
regard  to  transfer.  This  evidence,  however,  touches  so  many 
different  phases  of  school  work  that  it  is  difficult  to  generalize. 

The  following  found  evidence  of  considerable  transfer — Staxch^ 
(83,  78)  Wallin-  (92),  Winch^^  (100),  Kelly^  (40),  Rugg^  (70), 
Perkins^  (61),  Thorndike"  (85,  87),  Thorndike  and  Ruger^  (88), 
Simpson  and  Gadbau^  (74).  In  the  investigations  of  Starch, 
Wallin,  Winch,  Thorndike,  and  Thorndike  and  Ruger  there  was 
much  similarity  of  content  in  the  practice  material  and  the  end 
tests.  The  technique  of  Rugg,  Perkins,  and  Simpson  and  Gadbau 
may  be  called  in  question.  Kelley's  research  is  unique  in  that  the 
"stage  was  set"  for  transfer. 

Small  transfer  was  found  by  Ruediger'"  (68),  Partridge^^  (60), 
Harrisi2(32),  Carr^=(13),  Gillilandi*(31),  Coxe''{\<6,  17),  Dr.Hewinsi^ 
(34),  and  Thorndike^' (86).  In  Ruediger's  experiment  the  identity 
of  aim  was  considered  responsible  for  the  transfer  of  neatness. 
Identical  elements  of  content  functioned  largely  in  the  investiga- 
tions of  Carr,  Gilliland,  and  Coxe.  There  a^re  objections  to  the 
reported  technique  of  Partridge  and  Harris.  Dr.  Hewins'  results 
do  not  justify  her  claim.  Thorndike's  experiment  (86)  affords  good 
grounds  for  believing  that  school  subjects  as  at  present  taught  have 
little  or  no  disciplinary  value. 

No  evidence  of  transfer  was  detected  by  Dr.  Squire^^(2),  Bfiggs^* 
(6),  Starch-"  (80,  81),  Kirby-^  (41),  and  Dr.  Race"-  (66).  With  the 
exception  of  Brigg's  research  to  which  some  objection  has  been 
raised  these  are  ably-executed  experiments. 

Rugg  (72)  advocating  objective  studies  of  mental  discipline  of 
mathematical  instruction,  writes: — 

"The  major  curriculum  question  before  us  is  not — Does 
training  transfer?  Of  course  it  transfers.  Thirty-five  experimental 
studies  provide  the  facts  which  one  needs  to  form  a  judgment  about 

^See  page  25  and  26.        'See  pages  .3.3  "See  page  33. 

'See  page  26.  "See  page  25.  "See  page  34. 

•See  page  26.  "See  page  29.  "See  page  24. 

«See  pages  27.  '=See  page  29.  '"See  page  25. 

•See  page  28.  ''See  page  30.  ''"See  page  29. 

'See  page  2S.  "Sec  page  31.  "See  page  32. 

'See  page  30  and  31.       "See  page  32.  *=See  page  34. 
'See  page  31. 


Historical  Outline  37 

that  .  .  .  Miss  Blair  also  collected  the  judgments  of  psychologists 
who  have  worked  over  the  data  of  transfer.  Summarized,  these 
judgments  say  with  varying  emphasis  what  was  just  said — of 
course  there  is  transfer." 

The  writer  cannot  subscribe  to  the  view  that  there  are  thirty- 
five  experimental  studies  making  material  contribution  to  the 
problem,  and  is  convinced  that  composite  judgments  are  super- 
fluous when  the  data  are  such  as  to  convey  the  same  meaning  to 
all  "normally  constituted  minds."  The  question  of  transfer, 
admitted  on  all  sides  to  be  of  paramount  importance  in  education, 
notwithstanding  naive  assertion  and  iteration  to  the  contrary, 
must  still  be  considered  suh  iitdice.  Legitimate  statements  may 
be  made  such  as  "there  is  evidence  of  transfer  (or  hindrance)  from 
such  and  such  a  training  course  to  such  and  such  an  ability",  but, 
at  present,  claims  for  the  existence  or  non-existence  of  a  generic 
transfer  are  without  basis. 


CHAPTER  II. 

THE  TESTS. 

Nature  oj  Tests.  Samples  of  the  eight  tests  for  which  data  were 
secured  are  given  below.  The  complete  tests  will  be  found  in  the 
pocket  at  the  end  of  this  book. 

^.        .  Test  1. 

Directions, 

Note  the  relationship  between  the  first  two  words  on  each  line. 
The  problem  is — find  the  word  among  the  last  four  which  has  the 
same  relationship  to  the  third  word.  When  you  find  the  word,  under- 
line it. 

(Time  1^2  minutes.) 
1.     Bacon — pig:    veal —  .  .  .  calf,  food,  meat,  cow. 

(Eight  elements.) 

^.        .  Test  1  A. 

Directions. 

In  each  line  there  is  one  word  that  should  not  be  there.  Cross 
it  out. 

(Time  1)^  minutes.) 

1.     Black,  red,  green,  blue,  sour. 

(Eight  elements.) 

Test  2. 
Directions. 

On  each  line  is  a  list  of  words.  These  words  refer  to  things 
belonging  to  two  or  more  quite  different  groups.  Try  to  distinguish 
each  group.  Then  underneath  words  of  any  one  group  write  the 
figure  1,  underneath  those  of  a  second  group  write  the  figure  2.  If 
there  is  a  third  group  treat  it  similarly.  It  does  not  matter  which 
group  is  1,  etc. 

(Time  2^  minutes.) 

1.     Professor,  red,  white,  teacher. 

(Seven  elements.) 
38 
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Test  S. 
Directions. 

Note  the  relationship  between  the  first  three  words  on  a  Une. 
Then  underline  that  word  among  the  last  five  which  bears  the  great- 
est similarity  to  the  three. 

(Time  214.  minutes) 
2.     Hat,  cap,  helmet,  .  .  .  collar,  coat,  dress,  glove,  bonnet. 

(Eight  elements.) 

Test  4. 
Directions. 

There  is  a  relationship  between  the  numbers  on  a  line.     Find 
out  what  this  relationship  is,  and  then  write  on  the  dotted  line  the 
next  two  numbers. 

(Time  4  minutes.) 
1.         1     3     5     7     9     11     .......  . 

(Eight  elements.) 

Test  5. 
Directions. 

Note  carefully  the  relationship  between  the  first  three  figures 
on  a  line.  Then  underline  that  figure  among  the  last  four  which 
bears  the  greatest  similarity  to  these  three. 

(Time  3  minutes.) 

See  test  booklet  in  pocket 

(Eight  elements.) 

Test  5  A . 
Directions. 

Notice  on  each  of  the  horizontal  lines,  meaningless  groups  of 
letters,  Compare  the  letters  in  one  group  with  those  in  the  other 
groups.  The  problem  is  to  complete  the  last  letter  group  in  each 
line.    Your  study  of  the  letter  groups  on  the  same  line  will  help  you. 


(Time  4  minutes.) 

abcx,  aghx,  atx,  amnx,  .  .  .  ak . 

(Eight  elements.) 
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Test  6. 


(A  booklet  containing  14  exercises  was  given  to  the  subject. 
On  one  side  of  each  page  was  a  geometrical  or  nonsense  figure,  the 
back  of  the  page  contained  a  figure  which  the  addition  of  certain 
details  would  make  identical  with  the  preceding  one.  The  reagent's 
task  was  to  supply  the  details.) 

Tests  1  and  lA  were  printed  on  the  same  page.  Thus,  a  whole 
number  of  minutes  was  alloted  to  the  page.  For  the  same  reason 
Tests  2  ajid  3  were  printed  together. 

Tests  similar  to  1,  lA,  3,  4,  5,  have  been  made  by  Thorndike, 
Otis  and  others.  To  these  workers  the  writer  is  indebted.  It  is 
believed  that  Tests  3,  5A\  and  6  are  original.  Test  6  was  printed 
in  a  separate  booklet,  Manilla  paper  being  used  to  prevent  the 
original  of  each  exercise  from  being  visible  on  the  reverse  side. 

On  account  of  a  comparatively  high  percentage  of  zero  scores 
obtained  in  the  investigation  proper,  two  tests,  lA  and  5A,  were 
discarded.  In  one  case  it  is  believed  that  insufficient  time  was 
alloted  for  two  tests  on  the  same  page,  with  the  result  that  many 
reagents  were  unable  to  attempt  the  second.  In  the  other,  it  is 
likely  that  the  directions  were  not  sufficiently  clear. 

Success  in  Test  1  is  considered  to  be  largely  dependent  on  ability 
to  perceive  relationships.  Efficiency  in  the  detection  of  similarities 
and  dissimilarities  is  believed  to  be  an  important  factor  in  Tests  2 
and  3.  It  is  possible  that  the  generalization  acquires  better  defin- 
ition in  the  latter  than  in  the  former.  There  can  be  little  doubt 
that  ability  to  perceive  numeral  relationship  and  to  form  generaliz- 
ations is  a  potent  factor  for  success  in  Test  4.  In  Test  5  similar 
abilities  are  involved  in  connection  with  plane  figures.  Thus, 
among  the  abilities  measured  by  Tests  1-5  are  those  of  perceiving 
relationships,  and  forming  generalizations  with  different  kinds  of 
material. 

Thirty-one  pupils  in  the  first  year  of  the  high  school  course  were 
placed  by  their  teacher  of  Art  in  five  groups  on  the  basis  of  ability 
to  observe.  It  was  found  that  the  (Pearson  r)  coefficient  of  corre- 

'In  an  experiment  by  Zing  Yang  Kuo  (Behavioristic  Experiments  on  Inductive 
Inference,  J.  Exp.  Psych.  6:  1923,  247-293),  the  report  of  which  was  read  by  the 
writer  after  Test  5A  had  been  used,  Chinese  characters  on  a  revolving  cylinder 
were  employed.  This  is  similarity  between  his  use  of  these  characters  and  that  of 
"the  meaningless  groups  of  letters".) 
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lation  between  scores  in  Test  G  and  rank  in  ability  to  observe  was 
.46±.10. 

The  same  pupils  were  given  an  observation  test  (Test  7)  con- 
taining twenty  elements  of  which  the  following  are  typical; — 

1.  What  colour  is  the  school  flagstaff? 

8.  How  many  red  brick  houses  are  on  the  right  side  of  the 
street  from  the  town-hall  to  Main  Street  church? 

The  (Pearson  r)  coefficient  of  correlation  between  scores  in  this 
test  apd  scores  in  Test  6  was  .30 ±.11. 

Otis  Test  of  Mental  Ability.  Form  A.  of  this  test  was  given  to  both 
High  School  and  Normal  School  subjects.  Each  item  in  the 
examination  was  chosen  because  it  discriminated  between  slowly 
and  rapidly  moving  students,  (59).  The  (Pearson  r)  coefficient 
of  correlation  between  scores  and  scholarship  has  been  found  to 
lie  between  .55  and  .60. 

Construction  of  Tests.  A  preliminary  edition  was  printed  which 
contained  many  more  items  than  it  was  proposed  to  use  in  the  final 
form.  The  tests  were  given  by  the  writer  to  numbers  ranging  from 
69  to  76  of  Middle  and  Upper  School  pupils.  By  means  of  a  stop- 
watch the  time  taken  to  complete  each  test  by  ninety  to  a  hundred 
per  cent,  of  the  reagents  was  noted.  In  addition  the  time  taken  by 
all  reagents  to  complete  each  successive  five  elements  in  Test  6 
was  recorded.  As  a  result  of  this  trial  some  elements  were  elimin- 
ated from  each  test  for  one  or  more  of  the  following  reasons,  (a) 
lack  of  difficulty,  (b)  ambiguity,  (c)  subjectivity  in  marking, 
(d)  equivalence  in  difficulty.  A  revised  edition  was  printed  and 
this  time  the  tests  were  arranged  in  three  groups.  Group  I  con- 
tained Tests  6,  1,  and  9^;  II,  4,  5,  and  oA;  III,  lA,  3,  2,  and  oA. 
The  groups  were  compiled  so  that  performance  of  the  included 
tests  would  occupy  about  30  minutes.  Each  of  the  three  groups  with 
specific  instructions  for  administration,  was  sent  to  a  school,  the 
principal  of  which  had  consented  to  give  a  "try-out".  Data  for 
Groups  I  and  II  only  were  obtained.  The  percentage  of  students 
failing  to  answer  each  element  correctly  was  found.  Then,  assum- 
ing a  normal  distribution,  the  score  alloted  to  each  was  obtained 
from  Table  VI,  page  396,  in  Rugg's  "Statistical  Methods  Applied 
to  Education".  A  series  of  elements  graduated  roughly  in  respect 
of  difficulty  was  obtained  for  each  test.     From  the  times  recorded 


^Test  9,  a  test  in  definitions,  is  not  considered  further. 
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at  the  preliminary  "try-out"  a  proportional  period  was  calculated 
for  each  newly  constituted  test. 

Table  I  shows  the  number  of  reagents  employed  in  the  "try- 
out",  the  percentage  of  reagents  failing  in  each  element,  and  the 
score  allotted  to  each  element  for  the  purpose  of  graduation. 

TABLE  I.     Relative  Difficulty  of  Test  Elements 

TEST  I. 
Number  of  reagents  employed  in  securing  data — 119. 
Number  of  Element  12         3         4         5         6         7         8 

Percentage  Failures  10       16       27       37       50       59       68       72 

Score  29       34      40      45       50       54       58       60 

TEST  2. 
Number  of  reagents  employed  in  securing  data — 74. 
Number  of  Element  12         3         4         5         6         7 

Percentage  Failures  7       16       23       41       52       59       84 

Score  26       33       38      46       51       54       66 

TEST  3. 
Number  of  reagents  employed  in  securing  data — 72. 
Number  of  Element  12         3         4         5         6         7         8 

Percentage  Failures  3         7       14       28      49       60       72       93 

Score  19       26       32       40       50       54       60       74 

TEST  4. 
Number  of  Reagents  employed  in  securing  data — 116. 
Number  of  Element  12345678 

Percentage  Failures  13       24       S5       49       59       72       —       — 

Score  31       38       44       50      54       60       —       — 

TEST  5. 
Number  of  reagents  employed  in  securing  data — 120. 
Num.ber  of  Element  12         3        4         5         6         7         8 

Percentage  Failures  3      25       42       52      60      70       88       91 

Score  19      39      47       51       54       59       70       72 

TEST  6. 
Number  of  reagents  employed  in  securing  data — 115. 

Number  of  Element  1  2  3  4  5  6  7  8  9  10  11  12  13 
Percentage  Failures  9  11  15  21  28  33  42  50  63  69  81  90  98 
Score  28     30    .33     37     40    43     47     50    55     58     65     71     84 

The  cover-sheet  of  the  booklet  containing  tests  may  be  found 
in  the  pocket.  A  modified  form  was  used  in  the  Normal  School 
experiments.  A  preliminary  "try-out"  was  given  the  cover-sheet 
and  the  time  required  for  supplying  the  information  determined. 
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High  School  Experiment.  The  tests  were  given  to  1304  boys  and 
girls  in  the  Middle  and  Upper  Schools  of  Ontario  High  Schools 
between  October  21  and  29,  1925,  and  to  as  many  as  possible  of 
the  same  persons  between  March  15  and  19,  1926.  Form  A  of  the 
Otis  Self-Administering  Tests  of  Mental  Ability  was  given  in 
January,  1926. 

Those  subjects  for  whom  data  on  the  three  tests  were  not 
available  were  eliminated.  The  principal  cause  of  wastage  was  the 
inability  of  some  schools  to  continue  their  co-operation.  On  this 
account  the  effective  number  of  reagents  was  reduced  to  515. 

Table  II  shows  the  dates  on  which  the  first  and  second  test 
series  were  given  by  schools  completing  the  programme,  the 
number  of  reagents  who  took  the  three  tests,  afid  the  classification 
by  population  of  the  various  centres. 

TABLE  II.     Dates  ox  which  Different  Groups  of  Reagents  Took  Tests. 
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The  tests  were  conducted  in  each  school  by  the  teachers  in 
accordance  with  the  following  procedure. 

Instructions  to  Examiners. 

1.  (Will  examiner  please  say:)    An  attempt  is  being  made  to  find 

out  how  closely  you  can  observe  and  how  accurately  you  can 
reason.  Work  as  quickly  and  accurately  as  possible.  When 
the  test  booklets  are  distributed  do  not  touch  them  until  you 
are  told  to  do  so.    Use  pencil  or  pen — pencil  preferably. 

2.  Will  examiner  kindly  have  booklets  distributed  now,  one  white 

and  one  yellow  booklet  to  each  pupil.  Place  them /ace  down- 
ward on  desk. 

3.  (Examiner  noting  the  time  exactly)  "Turn  over  the  ichite  booklet 

and  fill  in  the  blanks  as  quickly  as  possible.  Do  not  turn 
over  the  page  until  you  are  told  to  do  so." 

4.  Give  exactly  5  minutes  then  say,  "Stop!    Turnover.    You  have 

3  minutes.     Go!" 

5.  At  the  end  of  3  minutes  say,  "Stop!     Turn  over.     You  have 

5  minutes.    Go!" 

6.  At  the  end  of  5  minutes  say,  "Stop!     Turn  over.     You  have 

4  minutes.     Go!" 

7.  At  end  of  4  minutes  say,  "Stop!    Turnover.    This  test  occupies 

two  pages.    Do  both.    You  have  3  minutes.    Go!" 

8.  At  the  end  of  3  minutes  say,  "Stop!    Turn  over.     You  have 

4  minutes.     Go!" 

9.  At  end  of  4  minutes  say,  "Stop!     Turn  over.     You  have  2 

minutes.     Go!" 

10.  At  the  end  of  2  minutes  say,  "Stop!     Turn  over  the  yellow 

booklet.     Enter  your  name.    You  have  5  minutes.     Go!" 

11.  At  end  of  5  minutes  say,  "Stop!" 

12.  Collect. 

It  was  originally  intended  to  give  high  school  reagents  the  first  test 
series  early  in  September,  1925,  and  the  second  at  Easter,  1926,  by 
which  date  it  is  customary  for  teachers  to  have  completed  the  course 
of  study  prescribed  by  the  Department  of  Education.  However, 
on  account  of  the  heavy  demands  made  on  principals'  time  at  the 
beginning  of  the  school  year  by  organization  of  classes  it  proved 
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impossible  to  have  the  tests  given  earher  than  the  end  of  October. 
Thus,  it  is  impossible  from  the  data  secured  from  high  schools  to 
draw  any  definite  conclusion  concerning  disciplinary  acquisitions 
during  the  first  seven  weeks  of  the  school  year.  The  increasing  con- 
centration on  content  from  Easter  to  June,  when  the  Departmental 
Examination  is  held,  makes  the  assumption  that  this  portion  of  the 
school  year  is  of  little  disciplinary  value,  a  not  unreasonable  one. 
However  this  may  be,  it  cannot  be  doubted  that  the  experiment 
could  not  have  been  completed  had  a  date  subsequent  to  the  Easter 
holidays  been  requested  for  the  second  test  series. 
Normal  School  Experiment.  The  six  tests  and  the  Otis  Self-Adminis- 
tering Test  of  Mental  Ability  were  given  to  560  candidates  for  First 
Class  Teachers'  Certificates,  by  interested  Normal  School  instruc- 
tors between  Dec.  7  and  Dec.  11,  1925.  The  procedure  followed  was 
the  same  as  that  used  in  the  high  school  experiment. 

In  both  experiments  letters  from  Normal  and  High  School 
principals  contained  expressions  such  as  "the  students  were  very 
interested  and  did  their  best,"  "the  tests  were  faithfully  performed," 
leading  one  to  believe  that  the  maximum  of  efTort  was  put  forth. 
It  is  obvious  that  those  teachers  who  consented  to  give  up  so  much 
time  at  the  request  of  a  stranger  constituted  a  group  selected  on  the 
basis  of  interest  in  experimentation  in  education.  This  consider- 
ation alone  must  have  gone  far  in  ensuring  close  attention  to 
experimental  technique. 


CHAPTER  IV. 

ORIGINAL  TABULATION'. 

ALL  the  tests  were  scored  by  one  person.  Rigid  objectivity 
was  achieved.  For  each  element  correctly  completed  the 
reagent  was  credited  with  one  point.  The  practice  exercise 
in  Test  6,  although  incorrectly  performed  in  a  small  percentage  of 
cases,  was  disregarded. 

In  the  high  school  experiment  the  reagents  were  divided  into 
the  following  categories — 

(a)  Those  including  both  Lower  and  Middle  School  subjects  in 
their  course  who  were  studying 

(1)  Physics  but  not  Chemistry, 

(2)  Chemistry  but  not  Physics, 

(3)  Physics  and  Chemistry, 

(4)  Neither  Physics  nor  Chemistry. 

(b)  Those  including  Middle  School  subjects  only  in  their  course 
and  who  were  studying    - 

(1)  Physics  but  not  Chemistry, 

(2)  Chemistry  but  not  Physics, 

(3)  Physics  and  Chemistry, 

(4)  Neither  Physics  nor  Chemistry. 

(c)  I.  Those  including  Middle  School  and  Upper  School  subjects 
(except  Upper  School  Physics  and  Chemistry)  who  were  studying — ■ 

(1)  Middle  School  Physics  but  not  Chemistry, 

(2)  Middle  School  Chemistry  but  not  Physics, 

(3)  Middle  School  Chemistry  and  Physics, 

(4)  Neither  Middle  School  Physics  nor  Chemistry. 

II.  Those  including  Middle  School  and  Upper  School  subjects 
in  their  course  and  who  might  be  classified  on  the  basis  of  science 
subjects  included,  as  follows,  those  studying — 
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(1)  Middle  School  Physics  afid  Upper  School  Chemistry, 

(2)  Middle  School  Chemistry  and  Upper  School  Physics, 

(3)  Upper  School  Physics, 

(4)  Upper  School  Chemistry, 

(5)  Upper  School  Physics  and  Chemistry, 

(6)  No  science  subject. 

{d)  Those  including  Upper  School  subjects  only  in  their  course  and 
who  were  studying — ■ 

(1)  Physics  but  not  Chemistry, 

(2)  Chemistry  but  not  Physics, 

(3)  Physics  and   Chemistry, 

(4)  Neither  Physics  nor  Chemistry. 

When  one  considers  that  each  of  the  above  22  divisions  admits 
of  many  sub-divisions,  and  that  the  smaller  of  the  two  potential 
groups  (training  and  control)  determines  the  maximum  number  of 
reagents  that  can  be  employed  it  will  be  obvious  that  even  the 
numbers  yielded  by  a  provincial  survey  under  official  auspices 
would  scarcely  suffice  to  satisfy  statistical  criteria. 

In  the  Normal  School  experiment  the  greater  homogeneity  of 
the  course  of  study  imposed  by  entrance  requirements  resulted  in 
a  great  reduction  in  the  number  of  programmes.  Those  with 
identical  courses  were  grouped  together  when  it  was  obvious  that 
the  group  would  attain  such  dimensions  as  might  warrant  its 
formation.  The  largest  group  was  that  with  'complete'  Lower 
School,  English,  Algebra,  Geometry,  Ancient  and  British  History 
La;tin,  French,  Physics  and  Chemistry  in  Middle  School,  and 
English,  Algebra  Geometry,  Trigonometry,  Modern  History, 
Latin  and  French  in  Upper  Schools.  Forty-two  reagents  (or  lY?, 
per  cent.)  had  completed  this  course  of  study  at  High  School. 
There  were  23  teachers-in-training  who  had  studied  Upper  School 
Physics  in  addition.  This  was  the  second  group  in  point  of  magni- 
tude. 

Data  for  the  high  school  reagents  were  tabulated  as  shown  in 
the  following  entry — 
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Group  A', 
Test  1    Test  2    Test  3    Test  4    Test  5    Tests  1-5  Test  6 
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Those  for  the  normal  school  students  were  entered  thus- 
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CHAPTER  V. 

PRELIMINARY  TREATMENT  OF  DATA. 

(a)  Distribution  of  Scores. 

(b)  Sex  Differences. 

(c)  Weights. 

(d)  Determination  of  Zero  Points. 

(a)  Distribution  of  Scores. 

The  manner  in  which  the  scores  are  distributed  has  an  important 
bearing  on  the  rehability  of  the  tests  as  well  as  on  the  method  of 
statistical  treatment.  Table  III  shows  the  distribution  of  initial 
scores  made  by  high  school  reagents. 

TABLE  III.     Distribution  of  Initial  Raw  Scores 
IN  Tests  1-5  and  Test  6  by  High  School  Reagents. 
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These  results  are  exhibited  graphically  in  Diagrams  1  and  2. 
The  distribution  takes  the  general  form  of  the  normal  surface  of 
frequency. 
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(b)  Sex  Differences. 

Detection  of  sex  differences  is  a  matter  of  great  importance  in 
an  investigation,  an  essential  element  in  the  technique  of  which 
is  the  procurement  of  two  parallel  groups.  The  following  reasonable 
criterion  for  recognition  of  sex  difference  in  this  experiment  was 
laid  down.  Sex  differences  were  accepted  only  when  (1)  they  were 
found  in  both  high  school  and  normal  school  experiments,  and  (2) 
they  were  in  favour  of  the  same  sex  in  each  case. 

Tables  IV  and  V  show  the  mean  scores  of  all  male  and  female 
high  school  and  normal  school  reagents  in  Tests  1-6. 

TABLE  IV.     Mean  Scores  in  Tests  1-6  and  IQ's  of  all  Male  and  Female 

High  School  Reagents.     (281  male  and  235  female  reagents  in  Tests  1-5  and 

276  male  and  231  female  reagents  in  Test  6.) 
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TABLE  V.    Mean  Scores  and   IQ's  of  all  Male  and  Female  Normal 
School  Reagents  in  Tests  1-6.    (144  male  and  416  female  reagents). 
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The  conclusions  drawn  from  these  figures  are  shown  in  Talkie  VI. 
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TABLE  VI.    Conclusions  Dr.\wn  from  High  School  and  Normal  School 

ON  Sex  Differences. 
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Since  no  account  was  taken  of  the  subjects  chosen  by  the 
reagents  it  could  be  said,  with  reason,  that  the  question  involved 
in  the  investigation  proper  was  begged.  Although  it  is  extremely 
unlikely  that  any  material  difference  exists  between  the  course  of 
study  pursued  by  the  typical  reagent  of  each  sex,  yet  it  is  but  a 
crude  method  for  the  detection  of  gross  differences. 

Such  differences  as  exist  in  the  mean  scores  of  male  and  female 
high  school  reagents,  with  the  probable  exception  of  those  in  Test 
4,  are  likely  due  to  the  rather  higher  meajn  IQ  of  the  males. 

Significaht  differences  ate  recognized  in  Test  4  only. 

Possible  Effect  of  Upper  School  Algebra. 

Since  a  study  of  series  is  included  in  the  Upper  School  algebra 
course  it  seemed  plausible  that  reagents  choosing  this  subject  would 
be  favoured  in  Test  4,  and,  on  this  assumption,  an  apparent  sex 
difference  would  exist  if  this  subject  were  elected  by  a  higher 
percentage  of  one  sex  than  of  the  other. 

Accordingly,  the  IQ's  and  scores  in  Test  4  were  tabulated  for 
(a)  86  normal  school  female  reagents^  who  included  Upper  School 
algebra  in  their  course  of  study,  and  (b)  all  female  normal  school 
reagents  who  did  not  include  Upper  School  algebra  in  their  high 
school  course. 

Arithmetic  means  were  calculated  and  are  given  in  Table  VII  A. 

TABLE  VII  A.     Comparison  of  Arithmetic  Means  of  Scores  Made  ia 
Test  4  by  Normal  School  Female  Reagents  with  Upper  School  Algebrn 
AND  Normal  School  Female  Reagents  Without  Algebra. 
Number       IQ       Score  in  Test  4 
Reagents  with  Algebra  86  112  3.95 

Reagents  without  Algebra.  41  113  3.59 

iThe  method  by  which  these  86  reagents  were  obtained  is  explained  on  page  54. 
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These  figures  show  that  study  of  Upper  School  algebra  had  the 
effect  of  increasing  the  mean  scores  of  female  reagents  in  Test  4 
by  10  per  cent.  It  was  found  that  of  the  144  male  and  416  female 
reagents  for  whom  data  are  given  in  Table  V,  88  per  cent,  and 
86  per  cent,  respectively  chose  Upper  School  algebra.  Assuming 
no  sex  difference  in  Test  4,  and  that  study  of  Upper  School  algebra 
effects  a  10  per  cent,  increase  in  score,  it  is  obvious  that  the  ratio 
of  the  mean  score  of  male  reagents  to  mean  score  of  female  reagents 
is 

n 

10-^^  +  ^^_1088 

1^.86+14     ''^' 
10 

454     1236. 
But  the  ratio  from  Table  V  is    rr;:  =  ,  _„^ 

399      1086 

Thus,  only  a  small  part  of  the  difference  in  mean  scores  in 
Test  4  can  be  ascribed  to  the  effect  of  Upper  School  algebra. 
Confirmatory  evidence  on  this  point  was  obtained  by  tabulating, 
(a)  the  IQ's,  subjects  chosen,  grades  obtained,  and  scores  in  Test  4 
for  the  86  male  normal  school  students  who  had  chosen  Upper 
School  algebra,  and,  (b)  the  IQ's  subjects  chosen,  grades  obtained, 
and  scores  in  Test  4  for  86  females,  with  Upper  School  algebra, 
tajcen  at  random  from  the  five  normal  schools  (restricting  the 
number  taken  from  each  centre  to  that  obtaining  in  the  case  of 
male  reagents).  Table  VTI  B  compares  the  data  obtained  from 
these  tabulations. 
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(In  the  columns  headed  'H',  'L',  'S',  'T',  'O',  are  shown  the 
number  of  reagents  in  each  group  drawn  from  the  five  Normal 
Schools.  Under  the  heading  'Lower  School'  are  given  the  fractions 
of  a  course  pursued  by  the  average  reagent.  Thus,  if  95  per  cent, 
of  the  group  elected  grammar  the  'fraction  of  a  course'  taken  by  the 
typical  subject  would  be  .95.  The  fractions  of  the  various  courses 
in  Middle  and  Upper  School  are  shown  on  the  line  (a).  On  the 
line  (b)  are  given  the  mean  grades  obtained  at  Departmental 
Examinations.  These  grades  were  obtained  as  First  Class  Honours 
(75-100  per  cent.),  Second  Class  (67-74  per  cent.).  Third  Class 
(60-66  per  cent.),  and  Credit  (50-59  per  cent.).  In  only  a  negligible 
percentage  of  cases  were  data  obtained  from  candidates  who  failed 
The  following  values  were  arbitrarily  allotted  to  the  different 
grades — First  Honours,  1;  Second,  2;  Third,  3;  Credit,  4;  Failure,  5. 
(Mean  grades  are  reported  to  the  nearest  half  grade). 

Close  correspondence  will  be  noted  between  subjects  and  grades 
received,  except  in  the  case  of  Upper  School  Physics  in  which  the 
average  male  reagent  had  studied  .65  of  a  course  with  a  grade  of 
2^,  while  the  average  female  had  only  .35  if  a  course  with  grade  3. 
The  mean  score  in  Test  4  of  male  reagents  was  4.59  or  16  per  cent, 
superior  to  the  mean  score  of  3.95  made  by  females. 

This  difference  cannot  be  ascribed  to  the  inequality  in  the 
amount  of  physics  studied,  v.  Table  XVIII,  page  73. 

Lest  the  difference  should  be  due  to  the  rather  higher  mean 
IQ  of  the  female  reagents  a  selection  was  made  from  the  female 
group  of  those  reagents  whose  IQ  lay  between  112  and  119.  This 
condition  was  fulfilled  by  21  students.  Their  mean  IQ  and  score 
in  Test  4  were  115  and  3.95  respectively  while  the  corresponding 
figures  for  the  86  males  were  115  and  4.59. 

The  most  careful  scrutiny  of  curricular  differences  revealed  no 
explanation  of  the  apparent  sex  difference  in  Test  4,  and  for  the 
purpose  of  this  investigation  it  will  be  assumed  to  exist. 

(c)  Weights. 

The  mean  scores  in  Tests  1-5  of  516  high  school  reagents  in 
October  and  March  are  shown  in  Table  VHI. 


Preliminary  Treatment  of  Data 
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TABLE  VIII.    Mean  Scores  in  October  and  March  of  516  High  School 
Reagents  in  Tests  1-5.    Mean  Weights. 
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It  is  interesting  to  note  how  close  the  agreement  is  between 
weights  obtained  from  October  mean  scores  and  from  March  mean 
scores.  The  weight  assigned  to  each  test  was  the  mean  between 
the  October  and  March  values.  Weighted  initial  and  final  mean 
scores  were  calculated  for  the  groups  referred  to  in  Tables  IX— XVI. 
It  was  found  that  the  mean  initial  weighted  scores  of  corresponding 
training  and  control  groups  agreed  as  closely  as  did  the  mean  initial 
unweighted  scores.  Also,  the  calculation  of  residual  percentage 
gains  from  weighted  scores  did  not  indicate  the  necessity  for 
modification  of  conclusions  drawn  from  unweighted  scores, 
(d)  Determination  of  Zero  Points. 

Zero  points  for  Tests  1-5  and  Test  6  were  arbitrarily  fixed  at  a 
point  three  times  the  standard  deviation  below  the  arithmetic 
mean.  For  High  School  reagents  the  arithmetic  mean  and  standard 
deviation  of  Tests  1-5  were  19.39  and  6.00  respectively,  making  the 
zero  1.39.  In  the  case  of  Test  6  the  corresponding  figures  were 
6.99  alnd  1.98  respectively  making  the  zero  1.12.  For  Normal 
School  subjects  the  mean  and  standard  deviation  of  Tests  1-5  were 
26.60and  5.10  respectively,  and  the  zero  11.30.  In  regard  to  Test  6 
the  mean  and  standard  deviation  were  7.20  and  1.88  and  the 
zero  1.63. 

Raw  scores  were  used  in  the  discussion  of  sex  differenes  and 
weghts,  but  in  Tables  IX — XXIII  mean  scores  were  calculated 
from  the  corresponding  zero. 


CHAPTER  VI 

RESULTS 

THE  following  outline  may  serve  to  give  a  comprehensive 
view  of  the  order  in  which  the  various  topics  of  this  chapter 
are  treated. 

1.  Tests  1  to  5. 

(a)  High  School  Experiment. 

(1)  Effect  of  a  course  of  study  in  which  Middle  School 
Physics'  is  the  predominant  element. 

(2)  Effect  of  a  course  of  study  in  which  Middle  School 
Chemistry  is  the  predominant  element. 

(3)  Effect  of  a  course  of  study  in  which  Middle  School 
Algebra  is  the  predominant  element. 

(4)  Effect  of  a  course  of  study  in  which  Middle  School 
Geometry  is  the  predominant  element 

(5)  Effect  of  a  course  of  study  in  which  Middle  School 
English  is  the  predominant  element. 

(6)  Effect  of  a  course  of  study  in  which  Middle  School 
Latin  is  the  predominant  element. 

(7)  Effect  of  a  course  of  study  in  which  Middle  School 
French  is  the  predominant  element. 

(8)  Effect  of  a  course  of  study  in  which  Middle  School 
History  is  the  predominant  element. 

(b)  Normal  School  E^\periment. 

(1)  Effect  of  Upper  School  Physics. 

(2)  Effect  of  Upper  School  Chemistry. 

2.  Test  6. 

(a)  High  School  Experiment. 

(1)  Effect  of  a  course  of  study  in  which  Middle  School 
Physics  is  the  predominant  element. 

'The  various  courses  of  study  may  be  found  in  "Courses  of  Study  and  Exam- 
inations" (Ontario  Department  of  Education.) 
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(2)  Effect  of  a  course  of  study  in  which  Middle  School 
Chemistry  is  the  predominant  element. 

(b)   Normal  School  Experiment. 

(1)  EfTect  of  Upper  School  Physics. 

(2)  EfTect  of  Upper  School  Chemistry. 

1.  (a)  It  was  hoped  to  obtain  a  number  of  pairs  of  reagents,  the 
constituent  members  of  each  pair  being  such  that — 

(1)  their  course  of  study  differed  only  in  respect  of  the 
school  subject  whose  transfer  effects  were  sought, 

(2)  their  initial  scores  in  Tests  1-5  differed  by  no  more 
than  3, 

(3)  their  IQ's  differed  by  no  more  than  3^ 

(4)  their    chronological    ages    were    as    nearly    equal    as 
possible, 

(5)  they  were  of  the  same  sex, 

(6)  they  came  from  the  same  school. 

However,  it  soon  became  obvious  that  less  than  1  per  cent,  of 
the  total  number  of  reagents  would  be  effective  if  these  conditions 
were  adhered  to,  so  that,  reagents  were  paired  when  one  included 
in  his  course  the  subject  under  investigation  and  the  other  did  not, 
when  their  initial  scores  in  Tests  1-5  differed  by  no  more  than  3, 
and  their  IQ's  by  no  more  than  3.  Where  choice  was  possible  con- 
ditions (1),  (5)  and  (4)  were  fulfilled  in  the  order  indicated. 

It  is  clear  that  under  these  circumstances  the  training  group 
(viz.  those  reagents  including  in  their  courses  of  study  the  school 
subject  whose  transfer  effects  were  being  investigated)  would  have 
an  aggregate  of  subjects  studied  different  from  that  of  the  control 
group.  Thus,  Table  IX,  page  61,  shows  not  only  the  transfer  effect 
of  a  course  in  Middle  School  Physics  but  also  that  from  —  .07  of  a 
course  in  English  Literature,  .02  of  a  course  in  English  Composition, 
.15  of  a  course  in  Algebra,  —.11  of  a  course  in  Geometry,  —.50  of 
a  course  in  Chemistry,  etc.  On  this  account  each  in  turn  of  the 
following  Middle  School  subjects.  Physics,  Chemistry,  Algebra, 
Geometry,  English,  Latin,  French,  History,  was  made  the  pre- 
dominant curricular  element  in  the  training  course. 


iThe  p.  E.  of  an  IQ  is  about  2K  points  (59). 


60  Results 

For  each  of  the  eight  training  courses  the  following  tabulations 
were  made, 

(1)  Course  of  study  pursued  by  reagents  of  Training 
Group. 

(2)  Course  of  study  pursued  by  reagents  of  the  Control 
Group. 

(3)  Comparison  of  reagents  of  Training  and  Control 
Groups  in  respect  of  sex,  IQ,  chronological  age,  and 
initial  score  in  Tests  1-5. 

(4)  Scores  ma(de  by  reagents  of  Training  Group  in  Tests 
1-5  in  October  and  March. 

(5)  Scores  made  by  reagents  of  Control  Group  in  Tests 
1-5  in  October  and  March. 

(6)  Comparison  of  Training  and  Control  Groups  in 
respect  of: — 

(a)  Course  of  study  (on  basis  of  100  reagents 
in  each  group), 

(b)  Percentage  of  each  sex, 

(c)  Mean  IQ, 

(d)  Mean  chronological  age, 

(e)  Mean  initial  score  in  Test  1-5, 
(/)    Mean  final  score  in  Tests  1-5, 

(g)   Residual  percentage  gain  in  Tests  1-5, 
(h)  Percentage  gaining  in  Tests  1-5. 

Of  these  tables  the  sixth  one  for  each  training  course  is  presented 
in  this  chapter.  A  sample  of  each  of  the  other  five  is  given  in  the 
appendix.    The  rest  are  on  file  at  the  University  of  Toronto. 

(1)  Effect  of  a  course  of  study  in  which  Middle  School  Physics 
is  the  predominant  element. 
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TABLE  IX.    Comparison   of    Training    Group    (with    Middle  School 
Physics)  and  Control  Group   (without  Physics)  in  respect  of: — 

(A)  Course  of  Study  (on  Basis  of  100  Reagents  in  each  Group), 

(B)  Percentage  of  each  Sex, 

(C)  Mean  IQ, 

(D)  Me;'\n  Chronological  Age, 

(E)  Mean  Initial  Score  in  Tests  1-5, 

(F)  Mean  Final  Score  in  Tests  1-5, 

(G)  Residual  Percentage  Gain  in  Tests  1-5, 
(H)  Percentage  Gaining  in  Tests  1-5. 
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Close  agreement  will  be  noted  between  mean  IQ,  age,  and  initial 
score.  In  view  of  the  sex  difference  in  Test  4  the  larger  number  of 
males  in  the  training  group  no  doubt  operates  so  as  slightly  to 
reduce  the  residual  percentage  gain.  However,  there  is  no  evidence 
from  either  residual  percentage  gain  or  from  the  percentage  of 
reagents  making  gains  for  transfer  from  this  course  of  study, 
(v.  Diagrams  3  and  4.) 

(2)  Effect  of  a  course  of  study  in  which  Middle  School  Chemistry 
is  the  predominant  element. 
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TABLE  X.     Comparison  of  Training  Group   (with   Middle  School 
Chemistry)  and  Control  Group  (without  Chemistry)  in  respect  of:  — 

(A)  Course  of  Stltjy  (on  Basis  of  100  Reagents  in  each  Group), 

(B)  Percentage  of  each  Sex, 

(C)  Mean  IQ, 

(D)  Mean  Chronological  Age, 

(E)  Mean  Initial  Score  in  Tests  1-5, 

(F)  Mean  Final  Score  in  Tests  1-5, 

(G)  Residual  Percentage  Gain  in  Tests  1-5, 
(H)  Percentage  Gaining  in  Tests  1-5. 


Course    oj    sl-uay    oo  bos's.    oj 


Again  there  is  remarkable  agreement  between  mean  IQ,  age, 
and  initial  score  and  also  a  fairly  close  correspondence  between  the 
school  subjects  other  than  Chemistry.  There  is  no  evidence  from 
the  small  residual  gain  of  1  per  cent,  or  from  the  percentage  of 
reagents  making  gains  for  transfer  from  this  course  of  study, 
(v.     Diagrams  5  and  6.) 

(3)  Effect  of  a  course  of  study  in  which  Middle  School  Algebra 
is  the  predominant  element. 
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Diagram  3.  Frequency  Distribution 
of  initial  scores*  in  Tests  1-5  by  48 
high  school  reagents  with  Physics  and 
48  without  Physics. 
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Diagram  4.  Frequency  Distribution  of 
final  scores  in  Tests  1-5  by  48  high 
school  reagents  with  Physics  and  48  with- 
out Physics. 


''The  scores  used  in  Diagrams  3,  4,  5  and  6  are  not  calculated  from  the  zero  points. 
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Diagram  5.  Frequency  Distribution  of 
initial  scores  in  Tests  1-5  by  44  high  school 
reagents  with  Chemistry  and  44  without 
Chemistry. 
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Diagram  6.  Frequency  Distribution  of 
final  scores  in  Tests  1-5  by  44  high  school 
reagents  with  Chemistry  and  44  without 
Chemistry. 
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TABLE  XI.     Comparison  of  Training  Group  (with  Middle  School 
Algebr.\)  and  Control  Group  (without  Algebr.\)  in  Respect  of:— 

(A)  Course' OF  Study  (on  Basis  of  100  Reagents  in  each  Group), 

(B)  Percentage  of  each  Sex, 

(C)  Mean  IQ, 

(D)  Mean  Chronological  Age, 

(E)  Mean  Initial  Score  in  Tests  1-5, 

(F)  Mean  Final  Score  in  Tests  1-5, 

(G)  Residual  Percentage  Gain  in  Tests  1-5, 
(H)  Percentage  Gaining  in  Tests  1-5. 


s~- 


Coiv-se  o^    sn-aj  o^  basis     of 

too     'OOOco'5      rn    CQC^>    Qrov*p> 


III 


3^  '^1 


oho 


i? 


1   V 


•.»i 


i 
c     c 

.11 


93. 


The  two  groups  show  considerable  similarity  in  mean  IQ,  mean 
initial  scores,  mean  age,  and  sex  ratio.  The  slight  negative  transfer 
(  —  5  per  cent.)  cannot  be  considered  significant  in  view  of  the  close 
agreement  between  the  number  of  reagents  making  gains  in  each  of 
the  two  groups. 

(4)  Effect  of  a  course  of  study  in  which  Middle  School  Geometry 
is  the  predominant  element. 
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TABLE  XII.     Comparison  of  Training  Group  (with  Middle  School 
Geometry)  and  Control  Group  (without  Geometry)  in  respect  of: — 

(A)  Course  of  Study  (on  Basis  of  100  Reagents  in  each  Group), 

(B)  Percentage  of  each  Sex, 

(C)  Mean  IQ, 

(D)  Mean  Chronological  Age, 

(E)  Mean  Initial  Score  in  Tests  1-5, 

(F)  Mean  Final  Score  in  Tests  1-5, 

(G)  Residual  Percentage  Gain  in  Tests  1-5, 
(H)  Percentage  Gaining  in  Tests  1-5. 
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The  training  and  control  groups  exhibit  a  high  degree  of  similar- 
ity in  mean  IQ,  mean  initial  score,  mean  chronological  age,  and 
sex-ratio.  There  is  also  fairly  close  correspondence  between  the 
courses  of  study.  A  6  per  cent,  residual  gain  in  favour  of  the  train- 
ing group  is  noted. 

(5)  Effect  of  a  course  of  study  in  wliich  Ejigiish  is  the  predomin- 
ant element. 
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TABLE  XIII.  Comparison  of  Training  Group  (with  Middle  School 
English  Liter.\ture  and  Composition)  and  Control  Group  (without 
Middle  School  English  Literature  and  Composition,  Either  or  Both,) 
IN  respect  of, 

(A)  Course  of  Study  (on  Basis  of  100  Reagents  in  each  Group), 

(B)  Percentage  of  each  Sex, 

(C)  Mean  IQ, 

(D)  Mean  Chronological  Age, 

(E)  Mean  Initial  Score  in  Tests  1-5, 

(F)  Mean  Final  Score  in  Tests  1-5, 

(G)  Residual  Percentage  Gain  in  Tests  1-5, 
(H)  Percentage  Gaining  in  Tests  1-5. 
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Since  English  is  chosen  by  the  vast  majority  of  High  School 
pupils  only  small  groups  could  be  obtained  in  this  case.  The 
parallelism  between  the  two  groups  in  mean  score,  mean  IQ,  mean 
age,  and  sex  ratio  is  marked.  A  slight  negative  transfer  of  2  per 
cent,  is  noted. 

(6)  Effect  of  a  course  of  study  in  which  Latin  is  the  predominant 
element. 
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TABLE  XIV.     Comparison    of    Training    Group    (with    Middle    School 
Latin)  and  Control  Group  (without  Latin)  in  respect  of, 

(A)  Course  of  Stldy  (on  Basis  of  100  Reagents  in  each  Group), 

(B)  Percentage  of  each  Sex, 

(C)  Mean  IQ, 

(D)  Mean  Chronological  Age, 

(E)  Mean  Initial  Score  in  Tests  1-5, 

(F)  Mean  Final  Score  in  Tests  1-5, 

(G)  Residual  Percentage  Gain  in  Tests  1-5, 
(H)  Percentage  Gaining  in  Tests  1-5. 
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Again,  only  small  groups  could  be  secured.  It  is  interesting  to 
note  that  there  is  a  pronounced  tendency  for  Latin  and  French  to 
be  taken  in  the  same  year.  The  correspondence  between  IQ,  mean 
age,  and  initial  score  is  close.  In  view  of  the  fact  that  both  groups 
have  approximately  an  equal  number  of  gainers  the  negative 
transfer  of  7  per  cent,  cannot  be  considered  significant. 

(7)  Effect  of  a  course  of  study  in  which  French  is  the  pre- 
dominant element. 
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TABLE  XV.    Comparison  of  Tr.\ining  Group  (with  Middle  School  French) 
AND  Control  Group  (without  French)  in  respect  of, 

(A)  Course  of  Study  (on  Basis  of  100  Reagents  in  each  Group), 

(B)  Percentage  of  each  Sex, 

(C)  Mean  IQ, 

(D)  Mean  Chronological  Age, 

(E)  Mean  Initial  Score  in  Tests  1-5, 

(F)  Mean  Final  Score  in  Tests  1-5, 

(G)  Residual  Percentage  Gain  in  Tests  1-5, 
(H)  Percentage  Gaining  in  Tests  1-5. 
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Training  and  control  groups  have  almost  identical  mean  initial 
score,  mean  IQ,  and  mean  chronological  age.  Comparison  of  the 
courses  of  study  in  Tables  XIV  and  XV  reveals  considerable 
similarity  due  to  the  evident  association  of  Latin  and  French  in 
student  programmes.  Slight  negative  transfer  of  5  per  cent,  is 
noted. 

(8)  Effect  of  a  course  of  study  in  which  History  is  the  predom- 
inant element. 
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TABLE  XVI.  Comparison  of  Training  Group  (  (a)  with  British  History 
OR  (b)  with  Ancient  History,  or  (c)  with  both  British  and  Ancient  History) 
ANT)  Control  Group  (with  one  or  Neither  of  British  and  Ancient  History) 

in  respect  of, 

(A)  Course  of  Study  (on  Basis  of  100  Reagents  in  each  Group), 

(B)  Percentage  of  each  Sex, 

(C)  IVIean  IQ, 

(D)  Mean  Chronological  Age, 

(E)  Mean  Initial  Score  in  Tests  1-5, 

(F)  Mean  Final  Score  in  Tests  1-5, 

(G)  Residual  Percentage  Gain  in  Tests  1-5, 
(H)  Percentage  Gaining  in  Tests  1-5. 


Correspondence  between  the  two  groups  is  very  good  except  in 
the  case  of  se.x-ratio.  The  higher  proportion  of  males  in  the  train- 
ing group  may  be  considered  partly  responsible  for  the  slight 
negative  transfer  of  2  per  cent. 

In  order  that  a  'bird's  eye  view'  of  the  data  presented  so  far 
in  this  chapter  may  be  obtained  some  of  the  results  are  re-presented 
in  Table  XVII.  However,  instead  of  the  subjects  chosen,  cal- 
culated on  the  basis  of  100  reagents  in  each  group,  the  difference 
in  the  two  courses,  viz.  the  uncontrolled  part  is  stated^ 


'Thus,  if  in  a  particular  experiment  80  and  60  per  cent,  of  the  training  and 
control  groups  respectively  studied  Physics  then  the  uncontrolled  part  is  recorded 
as  '.20  of  a  course  in  Physics.' 
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72  Results 

1.  (b)  Normal  School  Experiment. 

To  obtain  training  ajid  control  groups,  reagents  were  paired, 
who  were  of  the  same  sex,  whose  IQ's  did  not  differ  by  more  than 
4S  whose  courses  of  study  were  identical^  and  whose  chronological 
ages  were  as  nearly  equal  as  it  was  possible  to  obtain. 

The  following  tables  were  made. 

(1)  Sex,  age,  and  scores  in  Tests  1-5  of  paired  reagents, 

(2)  Subjects  elected  in  Lower,  Middle,  and  Upper  School, 
and  standing  obtained  at  Departmental  Examinations 
in  Middle  and  Upper  Schools  by  Training  Group, 

(3)  Subjects  elected  in  Lower,  Middle  and  Upper  Schools 
and  standing  obtained  in  Departmental  Examinations 
in  Middle  and  Upper  School  by  Control  Group, 

(4)  Comparison  of  Training  and  Control  groups  in  respect 
of:— 

(A)  Total  subjects  studied  during  High 
School  course, 

(B)  Average  grades  obtained  at  Depart- 
mental examinations, 

(C)  Percentage  of  each  sex, 

(D)  Mean  IQ, 

(E)  Mean  chronological  age, 

(F)  Mean  scores  in  Tests  1-5. 

Of  these  tables  the  fourth  is  given,  the  other  three  are  on  file 
at  the  University  of  Toronto. 

(1)  Effect  of  Upper  School  Physics. 


^This  difference  existed  in  one  case  out  of  fifty-two.  In  seven  cases  the 
difference  was  three. 

*This  rule  was  violated  inadvertently  once  in  each  of  the  two  tabulations. 
In  each  case  a  Lower  School  Subject  appears  in  the  programme  of  a  reagent  but 
not  in  that  of  the  corresponding  one. 
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TABLE   XVIII.      Comparison  of   Training  Group   (with   Upper  School 
Physics)  and  Control  Group  (without  Upper  School  Physics)  in  Respect 

OF, 

(A)  Total  Subjects  Studied  During  High  School  Course, 

(B)  Average  Grades  Obrained  at  Departmental  Examinations, 

(C)  Percentage  of  Each  Sex, 

(D)  Mean  IQ, 

(E)  Mean  Chronological  Age, 

(F)  Mean  Scores  in  Tests  1-5. 
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Very  close  correspondence  will  be  noted  between  the  two  groups 
in  the  matters  of  mean  IQ,  mean  age,  sex-ratio,  subjects  studied  at 
High  School  and  standing  obtained  at  the  Departmental  examin- 
ations.^ A  residual  gain  of  4  per  cent,  is  noted  in  favour  of  the 
control  group. 

(2)  Effect  of  Upper  School  Chemistry. 


4t  was  impossible  to  obtain  standing  in  Lower  Scliool  subjects  because  in 
a  majority  of  cases  pupils  are  promoted  on  the  basis  of  examinations  held  by 
individual  teachers. 
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TABLE  XIX.    Comparison  of  Training  Group  (with  Upper  School  Chem- 
istry) AND  Control  Group  (without  Upper  School  Chemistry)  in  respect 

OF, 

(A)  Total  Subjects  Stltjied  During  High  School  Course, 

(B)  Average  Grades  Obtained  at  Departmental  Examinations, 

(C)  Percentage  of  each  Sex, 

(D)  Mean  IQ, 

(E)  Mean  Chronological  Age, 

(F)  Mean  Scores  in  Tests  1-5. 
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Great  similarity  will  be  observed  between  the  two  groups  in 
respect  of  sex,  IQ,  mean  chronological  age,  subjects  studied  at 
High  School,  and  average  standing  obtained.  A  14  per  cent, 
superiority  in  score  in  Tests  1-5  is  shown  by  the  training  group. 
Examination  of  the  individual  scores  reveals  the  fact  that  only 
54  per  cent,  of  the  reagents  in  the  training  group  had  scores  exceed- 
ing those  of  the  corresponding  control  subjects. 

2.     Test  6. 

(a)  High  School  Experiment. 

Reagents  were  paired  whose  IQ's  did  not  differ  by  more  than  3,* 
whose  initial  scores  in  Test  6  did  not  differ  by  more  than  1,^  and 
whose  chronological  ages  were  as  close  as  it  was  possible  to  obtain 
under  the  circumstances. 

(1)  Effect  on  scores  in  Test  6  of  a  course  of  study  in  which 
Middle  School  Physics  is  a  predominant  element. 

'This  difTercncc  existed  in  only  1  case  out  of  75. 
'This  difTercncc  existed  in  8  cases  out  of  75. 
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TABLE  XX.    Comparison  of  Traimxg  Group  (with  Physics)  and  Control 
Group  (without  Physics)  in  respect  of, 

(A)  Course  of  Study  (on  Basis  of  100  Reagents  in  each  Group), 

(B)  Percentage  of  each  Sex, 

(C)  Mean  IQ, 

(D)  Mean  Chronological  Age, 

(E)  ;Mean  Iinitial  Score  in  Test  6, 

(F)  Mean  Final  Score  in  Test  6, 

(G)  Percentage  Gaining. 
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It  will  be  observed  that  the  mean  initial  scores  are  identical. 
There  is  also  close  approximation  of  mean  IQ's  and  chronological 
age.  A  residual  gain  of  6  per  cent,  in  favour  of  the  training  group 
was  found.  The  percentage  of  reagents  making  gains  is  slightly 
higher  in  the  case  of  the  training  group  than  in  the  control  group. 

(2)  Effect  on  score  in  Test  6  of  a  course  of  study  in  which  Middle 
School  Chemistry  is  the  predominant  element. 
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TABLE  XXI.      Comparison    of    Training  Group   (with   Middle  School 
Chemistry)  and  Control  Group  (without  Chemistry)  in  respect  of, 

(A)  Course  of  Study  (on  Basis  of  100  Reagents  in  each  Group), 

(B)  Percentage  of  each  Sex, 

(C)  Mean  IQ, 

(D)  Mean  Chronolorical  Age, 

(E)  Mean  Initial  Score  in  Test  6, 

(F)  Mean  Final  Score  in  Test  6, 

(G)  Percentage  Gaining. 
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The  difference  between  initial  scores  is  less  than  1  per  cent., 
while  the  agreement  between  mean  IQ,  chronological  age,  and  sex- 
ratio  is  not  less  striking.  Negative  transfer  of  2  per  cent,  was  found. 
There  is  little  difference  between  the  percentage  of  reagents  making 
gains  in  both  groups. 

(b)  Normal  School  Experiment. 

The  training  and  control  groups  composed  of  Normal  School 
students  used  in  investigating  transfer  to  Tests  1-5  were  employed] 
in  obtaining  data  on  the  possibility  of  transfer  to  Test  6.  For  a 
description  of  the  ma/iner  in  which  the  two  groups  were  obtained) 
see  page  70  and  also  Tables  XVIII  and  XIX. 

(1)  Effect  of  Upper  School  Physics  on  scores  in  Test  6. 
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TABLE  XXII.  Comparison  of  Training  Group  (with  Upper  School  Physics) 
AND  Control  Group  (without  Upper  School  Physics)  in  respect  of  Scores 

in  Test  6. 
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Reference  to  Table  XVIII,  page  73,  will  show  that  the  two 
groups  are  very  similar  in  respect  of  mean  IQ,  mean  age,  sex-ratio, 
subjects  studied  at  high  school  and  standing  obtained  at  depart- 
mental examinations.  The  control  group  was  found  to  have  a 
5  per  cent,  superiority. 

(2)  Effect  of  Upper  School  Chemistry  on  scores  in  Test  6. 


TABLE   XXIII.      Comparison  of   Training  Group   (with   Upper  School 

Chemistry)  and  Control  Group  (without  Upper  School  Chemistry)  in 

respect  of  Scores  in  Test  6. 
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As  shown  in  Table  XIX,  page  74,  there  is  very  close  correspond- 
ence between  the  groups  in  mean  IQ,  mean  chronological  age,  sex- 
ratio,  subjects  studied  at  high  school  and  standing  obtained  at 
departmental  examinations.  The  control  group  had  a  2  per  cent, 
superiority  in  scores  in  Test  6. 


CHAPTER  VII. 

SUMMARY    OF    STATISTICAL    RESULTS    AND 
CONCLUSIONS. 

I.     Tests  1-5. 

(g)  High  School  Experiment. 

Tables  IX  to  XVI,  pages  61-70,  show  the  residual  gains  in  Tests 
1-5  by  various  training  groups.  The  courses  of  study  pursued  by 
training  and  control  groups  are  given  in  each  case.  To  facilitate 
comparison  some  of  the  results  contained  in  these  tables  are  re-pre- 
sented in  Table  XVII. 

A  number  varying  from  29  to  53  pairs  of  reagents  were  chosen 
so  that  in  each  pair  the  maximum  difference  between  the  two  IQ's 
and  the  initial  scores  was  3  points,  and  so  that  a  specified  subject 
was  always  found  in  the  one  course  of  study  but  not  in  the  other. 
Other  desiderata  secured  when  ever  there  was  freedom  of  choice 
were,  identity  of  sex  and  approximate  equality  of  chronological 
age. 

It  will  be  noted  that  the  extreme  differences  in  percentage  gains 
in  Tests  1-5  are  7  per  cent,  in  favour  of  the  untrained  group  in  the 
course  in  which  Latin  predominates,  and  6  per  cent,  in  favour  of  the 
trained  group  in  the  course  in  which  Geometry  is  predominant. 

The  extreme  differences  in  the  percentage  of  gainers  in  the  two 
groups  aj-e  found  in  the  courses  in  which  Geometry  and  Algebra 
respectively  are  emphasized.  In  the  former  course  77  per  cent,  of 
the  training  and  70  per  cent,  of  the  control  group,  in  the  latter 
87  per  cent,  of  the  control  and  82  per  cent,  of  the  training  groups, 
are  gainers. 

(b)  Normal  School  Experiment. 

(1)  Effect  of  Upper  School  Physics. 

Twenty-six  pairs  of  reagents  were  selected  from  560  candidates 
for  first  class  teachers'  certificates  for  whom  data  were  secured. 
In  each  pair  the  constituent  members  were  of  the  same  sex;  the 
variation  in  IQ  was  3  five  times,  2  four  times,  1  five  times  and  0 
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twelve  times.  Except  in  one  case  where  there  was  a  negUgible 
variation  each  reagent  had  pursued  a  course  of  study  differing  only 
in  respect  of  Upper  School  Physics  from  that  of  the  other  member 
of  the  pair.  There  was  little  difference  between  the  mean  standing 
of  each  group  in  Middle  and  Upper  School  subjects  at  the  Depart- 
mental examination.  (It  has  already  been  pointed  out  that  since 
the  examinations  were  not  necessarily  taken  in  the  same  year  too 
much  importance  should  not  be  attached  to  this  datum.)  The 
negligible  superiority  of  4  per  cent,  of  control  over  training  group 
was  found. 

(2)  Effect  of  Upper  School  Chemistry. 

Twenty-six  pairs  of  reagents  were  selected  as  described  in  the 
case  of  Upper  School  Physics.  The  variation  in  IQ  was  4  once, 
3  twice,  2  seven  times,  1  ten  times  and  0  six  times.  A  14  per  cent, 
superiority  in  total  scores  in  Tests  1-5  was  found  to  obtain  in  the 
case  of  the  training  group. 

II.     Test  6. 

(a)  High  School  Experiment. 

(1)  Effect  of  a  course  of  study  in  which  Middle  School  Physics 
predominates. 

Thirty-six  pairs  of  reagents  were  selected  from  a  total  number 
of  507  high  school  pupils  for  whom  data  were  available.  The 
maximum  variation  in  IQ  in  any  pair  was  2,  the  maximum  variation 
in  initial  scores  in  Test  6  was  1.  Equality  in  sexes  and  chronological 
age  was  secured  as  far  as  possible.  The  presence  or  absence  of 
Middle  School  Physics  determined  the  inclusion  of  any  given 
reagent  in  training  or  control  group.  It  happened  that  an  equal 
number  in  each  group  had  studied  English  and  Chemistry.  A  6  per 
cent,  residual  gain  was  found  in  favour  of  the  training  group.  In 
view  of  the  fact  that  only  72  per  cent,  of  reagents  made  gains  in 
the  training  group  as  compared  with  67  per  cent,  in  the  control 
group,  no  significance  can  be  attached  to  this  gain. 

(2)  Effect  of  a  course  of  study  in  which  Middle  School  Chem- 
istry predominates. 

Thirty-nine  reagents  were  paired  as  described  in  the  case  of 
Middle  School  Physics.  The  slight  residual  gain  of  2  per  cent,  in 
favour  of  the  control  group  was  found.    There  were  62  per  cent,  of 
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the  training  reagents  who  made  gains  sis  compared  with  69  per  cent, 
of  the  control  reagents. 

(b)  Normal  School  Experiment. 

(1)  Effect  of  Upper  School   Physics. 

The  groups  previously  described  in  connection  with  Tests  1-5 
were  employed.  The  small  5  per  cent,  superiority  of  control  group 
over  training  group  in  scores  in  Test  6  was  found. 

(2)  Effect  of  Upper  School  Chemistry. 

Using  the  groups  previously  described  in  connection  with  Tests 
1-5,  the  negligible  superiority  of  2  per  cent,  of  control  over  training 
group  is  noted. 

III.     Conclusions. 

No  evidence  was  found  in  favour  of  either  transfer  or  hindrance 
from  the  defined  courses  in  Middle  School  Physics  or  Chemistry, 
or  indeed,  from  courses  in  which  English,  Algebra,  Geometry, 
Latin,  French,  and  History,  respectively  are  predominant  elements, 
to  such  abilities  as  are  measured  by  Tests  1-6. 

Considerable  superiority  in  ability  to  score  on  Tests  1-5  was 
evinced  by  the  Normal  School  group  which  had  studied  Upper 
School  Chemistry.  However,  in  view  of  the  facts  that  no  transfer 
was  noted  in  the  case  of  Middle  School  Chemistry,  and  that  only 
54  per  cent,  of  the  training  reagents  exceeded  the  score  of  the 
corresponding  control  reagents  (Table  XIX,  page  74,  and  Table 
XIX  D)  the  superiority  cannot  be  considered  to  establish  a  case 
for  transfer. 
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APPENDIX  A. 

AS  in  this  investigation  we  were  concerned  with  indirect  values  it  may  not  be 
amiss  to  enumerate  some  which  from  time  to  time  have  been  claimed  by 
educators  to  accrue  from  school  science  teaching.  Huxley  (35)  lays  down 
the  dictum  that  "the  great  peculiarity  of  science  training,  that  in  virtue  in  which 
it  cannot  be  replaced  by  any  other  discipline  whatsoever,  is  this  bringing  of  the 
mind  directly  into  contact  with  fact,  and  practising  the  intellect  in  the  completest 
form  of  induction."  Herbert  Spencer  (77)  believed  that  even  a  moderate  culti- 
vation of  science  afforded  "adequate  exercise  for  memory",  and  that,  "a  great 
superiority  of  science  over  language  as  a  means  of  discipline,  is,  that  it  cultivates 
a  judgment."  A  committee  reported  to  the  Council  of  the  British  Association  in 
1867  (7)  that  "there  is  an  important  distinction  between  scientific  information 
and  scientific  training  .  .  .  The  scientific  habit  of  mind  which  is  the  principal 
benefit  resulting  from  scientific  training,  and  which  is  of  incalculable  value  what- 
ever be  the  pursuits  of  after  life,  can  better  be  attained  by  a  thorough  knowledge 
of  the  facts  and  principles  of  one  science,  than  by  a  general  acquaintance  with 
what  has  been  said  or  written  by  many."  In  the  "Report  on  Science  Teaching  in 
Secondary  Schools"  (1917)  we  read  that  these  words  "might  have  been  written 
to-dayi."  Ganong  (27)  states  that  "the  sciences  exercise  the  inductive  faculties". 
Armstrong  (1)  writes,  "among  the  various  ways  in  which,  when  properly  con- 
ducted, heuristic  experimental  studies  conduce  to  the  formation  of  moral  and 
intellectual  character  are  the  following  .  .  .  They  learn  to  use  a  balance,  to  weigh 
and  measure  not  things  only  but  deeds  and  words  also — for  whatever  is  done  is 
done  exactly;  measurements  are  made  whenever  possible  and  their  value  as  means 
of  making  exact  statements  is  cultivated  by  use:  measuring  and  weighing,  in  fact, 
are  so  constantly  practised  as  to  become  ingrained  habits.  Habits  of  observing 
correctly  are  acquired  .  .  .  The  power  of  reasoning  from  observation  is  cultivated 
in  every  possible  way — a  logical  habit  of  mind  is  thus  dev2loped."  Karl  Pearson 
(62)  states  that  "The  man  who  has  accustomed  himself  to  marshal  facts,  to 
examine  their  complex  mutual  relations  and  predict  upon  the  results  of  this 
examination  their  inevitable  sequences — sequences  which  we  term  natural  laws, 
and  which  are  as  valid  for  every  normal  mind  as  for  that  of  the  individual 
investigator — such  a  man,  we  may  hope  will  carry  his  scientific  method  into  the 
field  of  social  problems,"  and,  "this  first  claim  of  scientific  training,  its  education 
in  method,  is  to  my  mind  the  most  powerful  claim  it  has  to  state  support". 
Mellor  (52)  believes  that  the  study  of  Chemistry  increases  "ability  to  reason  and 
think  in  a  logical  systematic  way",  and  that  it  aids  in  the  "development  of  a 
critical  and  impartial  judgment."     Twiss  (90)  declares  that  one  aim  of  science 

^This  (1917)  report  is  inconsistent  in  its  remarks  on  matter  and  method. 
Further,  one  reads,  "It  is  not  strictly  true  that  scientific  method  is  one  and  the 
same  wherever  it  is  employed  ...  In  short,  scientific  method  is  an  abstraction 
which  does  not  exist  apart  from  its  concrete  embodiments." 
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teachers  should  be  to  train  their  pupils  "in  the  methods  of  thinking  and  investig- 
ation that  are  common  to  all  the  sciences,  and,  in  fact  to  all  productive  intellectual 
work".  Jessie  Caplin  (11)  states  that  "the  value  of  high  school  chemistry  to 
those  who  go  no  further  with  the  subject  or  with  formal  education  is  important. 
It  can  give  training  in  careful  observation,  exact  statements,  and  logical  think- 
ing." It  is  asserted  by  Lott  (47)  that  "it  is  quite  evident  that  a  teacher  who  is 
to  succeed  in  training  his  pupils  to  think  efficiently  while  they  are  acquiring  useful 
information  must  make  preparation  beyond  the  mastery  of  text  book  subject 
matter.  He  must  know  and  understand  the  formal  steps  of  inductive-deductive 
instruction."  In  another  article  (48)  the  same  writer  while  rejecting  the  possi- 
bility- of  "generalized  habits"  states  his  belief  "that  something  in  method  does 
'carry  over'  from  definite  situations  to  other  situations  which  are  not  identical 
with  those  in  which  the  training  was  secured."  Important  claims  for  the  science 
element  in  education  are  advanced  by  Bailey  (3).  He  declares  that  "it  trains 
directly  in  integrity  of  mind  .  .  .  Undoubtedly  very  much  of  the  spread  of  demo- 
cracy in  recent  times  is  due  directly  to  the  teaching  of  science,  whereby  persons 
are  taught  to  seek  the  fact  before  they  state  their  conclusions."  This  ascription 
of  a  major  portion  of  the  spread  of  democracy  to  the  teaching  of  science  contrasts 
strongly  with  a  statement  of  Butler  (10)  that  "one  would  suppose  that  after  half 
a  century  of  this  experience  and  this  discipline  [derived  from  use  and  compre- 
hension of  the  scientific  method]  the  popular  mind  would  bear  some  traces  of  the 
influence  of  scientific  method,  and  that  it  would  be  guided  by  that  method  at 
least  in  part,  in  reaching  results  and  in  formulating  policies  in  social  and  political 
life.  If  there  be  any  evidence  of  such  an  effect,  it  is  certainly  not  easy  to  find  .  .  . 
One  begins  to  suspect  that  the  teachers  of  science  themselves  may  have  failed  in 
making  effective  their  science  and  their  scientific  method  in  this  sphere  of  their 
larger  usefulness."  Downing  (22)  writes,  "The  pupil  needs  drill  in  the  scientific 
method  of  thinking  until  he  becomes  habituated  to  it  and  adopts  it  consciously 
as  the  only  safe  method  for  the  solution  of  his  own  problems."  The  same  writer 
in  another  article  (23)  discussing  the  organization  of  subject  matter  in  small 
units  adapted  to  give  drill  in  the  method  of  scientific  thinking,  declares  that  ability 
in  this  reasoning  process  "is  more  important  than  the  acquisition  of  knowledge." 
Munroe  (56)  states  that  chemistry  "being  an  experimental  science  develops  the 
powers  of  observation.  In  qualitative  chemical  analysis  we  hav^e  an  example  of 
the  severest  system  of  logic,  a  system  in  which  we  are  required  not  only  to  prove 
the  positive  but  also  the  negative".  Gerry  (29)  says,  "whatever  the  attitude 
toward  formal  discipline  may  have  been,  it  may  be  true  that  training  in  observ- 
ation, in  classification  of  facts,  in  generalization,  and  in  accuracy  of  statement 
was  one  of  the  outcomes  of  the  study  in  former  as  in  present  times.  No  one  can 
doubt  that  these  traits,  developed  in  connection  with  the  subject  matter  of 
chemistry,  may  be  dissociated  and  applied  by  the  same  human  mind  to  other 
data  of  a  similar  nature."  Lake  (45)  believes  that  one  general  aim  "in  the  first 
nine  grades"  should  be  "to  cultivate  his  powers  of  observation,  judgment  and 
reasoning,"  another,  "to  give  the  child  training  in  the  use  of  scientific  method  in 
solving  problems".  McMurrich  (50)  takes  a  similar  view.  He  says,  "the  develop- 
ment of  the  powers  of  adaptation,  that  is  education,  and  we  gain  adaptability 
by  developing  our  powers  of  observation,  reflection  and  deduction.  That  is  the 
place  of  science  in  education  .  .  .  My  thesis  then  is  that  the  value  of  science  in 
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education  is  its  value  as  a  means  of  developing  the  scientific  method,  and  that 
the  development  of  this  method  as  a  habit  should  be  the  ultimate  aim  of  educ- 
ation." 

There  is  ample  evidence  that  belief  in  the  indirect  values  of  science  teaching 
is  widely  disseminated  among  teachers.  Forty  years  ago  a  questionnaire  (9) 
sent  out  to  32  secondary  schools,  17  normal  schools  and  21  colleges  in  the  United 
States  asked  this  question,  "What  should  be  the  prevailing  character  of  the  High 
School  course  [in  Physics],  for  information  or  discipline?"  The  consensus  of 
opinion  was  that  the  subject  should  be  taught  primarily  for  "the  mental  training 
and  discipline  which  the  pupils  acquire  through  studying  the  methods  whereby 
the  conclusions  of  physical  science  have  been  established."  In  1915,  Powers  (64) 
sent  a  questionnaire  to  a  group  of  science  teachers  in  the  United  States  and 
received  154  replies.     These  questions  were  asked, 

(1)  "What  are  the  important  attributes  which  laboratory  work  in  chemistry 
should  contribute  to  the  student's  education?  Arrange  in  order  of 
importance." 

(2)  "Do  you  attempt  to  cultivate  the  attitude  which  we  call  'power  of  analy- 
sis' or  'scientific  attitude  of  mind?'  Do  you  emphasize  this  as  an  ideal 
applicable  to  all  life's  problems  or  as  an  attitude  to  be  made  use  of  in 
connection  with  problems  in  chemistry  only?" 

(3)  "Is  this  scientific  attitude  of  mind  of  greater  or  less  importance  than 
knowledge  of  subject  matter?" 

The  answers  to  the  first  question  were  quite  varied.  Those  mentioned  included 
"skill  in  manipulation,  systematic  inquiry,  initiative,  skill  in  observation,  exact- 
ness, neatness,  power  of  analysis,  scientific  attitude".  With  regard  to  question 
(2)  the  great  majority  of  teachers  replying  try  to  cultivate  the  scientific  attitude 
and  make  it  applicable  to  ail  problems.  Concerning  the  relative  importance  of 
scientific  attitude  and  information,  108  teachers  considered  the  attitude  of  greater 
importance  than  knowledge  of  subject  matter,  11  thought  less,  and  12  about  equal. 
Wiley  (96)  secured  72  answers  to  a  questionnaire  sent  to  high  schools  in 
cities  of  over  5,000  population.  He  asked,  "what  is  your  aim,  or  what  do  you 
wish  to  accomplish?"    An  analysis  of  the  answers  yields  the  following, 

Practical  aim 20  times 

Scientific  training 20     " 

Information 13     " 

College  preparation 10     " 

Moral  aim 3     " 

66 
"This  shows  that  chemistry  at  present  is  dominated  by  two  aims,  a  scientific 
training  and  a  practical  interpretation  of  modern  life."    Also  he  inquired,  "which 
do  you  regard  as  more  important — the  actual  facts  imparted  or  the  training  in 
scientific  procedure?     Why?"     The  answers  were  as  follows. 

Facts  more  important 9  times 

Training  more  important. .  .46     " 

Both  of  equal  value 13     " 
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"This  shows  that  American  teachers  believe  that  there  is  something  in  the 
training  received  from  science  which  carries  over  into  other  problems  of  life." 

314  science  teachers  replied  to  a  questionnaire  sent  out  by  Koos  (43)  to  about 
500  schools  of  the  North  Central  Association  of  Colleges  and  Secondary  Schools. 
Of  these  teachers  73  per  cent,  held  the  belief  that  an  aim  of  science  teaching  was 
to  develop  the  particular  quality  of  intellectual  training  which  the  subject  makes 
possible.  When  asked  to  analyse  "particular  quality  of  intellectual  training" 
113  representative  teachers  replied  thus, 

Observation 32  replies 

Inductive,  deductive  or  "independent"  reasoning.  .  .  .18  " 
"Logical,"'  "abstract,"  or  "independent"  thinking  13  " 
Scientific  habit  of  thought 12       " 

75 

The  head  of  the  science  department  of  a  large  Collegiate  Institute  declining 
to  give  the  writer's  tests,  states,  "The  chief  objective  of  our  science  teaching  is  to 
train  pupils  to  thiiik  accurately.  This  is  secondary  to  the  mere  acquisition  of 
facts." 

Emphasis  is  laid  upon  training  in  the  scientific  method,  a  training  believed 
to  be  valuable  in  situations  differing  more  or  less  widely  from  those  in  which  it 
was  received.    According  to  Huxley  (35)  "the  method  of  science  consists  of — 

"1.  Observation  of  facts  including  under  this  head  that  artificial  observation 
which  is  called  experiment. 

"2.  That  process  of  tying  up  similar  facts  into  bundles  ticketed  and  ready 
for  use  which  is  called  comparison  and  classification, — the  results  of  the  process, 
the  ticketed  bundles,  being  named  General  Propositions. 

"3.  Deduction,  which  takes  us  from  the  general  propositions  to  facts  again — 
teaches  us,  if  I  may  say  so,  to  anticipate  from  the  ticket  what  is  inside  the 
bundle  and  finally — 

"4.  Verification  which  is  the  process  of  ascertaining  whether  in  point  of  fact, 
our  anticipation  is  a  correct  one.'" 

This  is  succinctly  described  by  Karl  Pearson  (62)  as  "the  classification  of  facts 
and  the  formation  of  absolute  judgments  upon  the  basis  of  this  classification — 
judgments  independent  of  the  idiosyncrasies  of  the  individual  mind  .  .  .  These 
sum  up  the  aim  and  method  of  modern  science." 


'Such  descriptions  of  the  scientific  method  have  been  criticised  from  time  to 
time  (v.  Mann  C.  R.  Teaching  of  Physics,  Meister  M.  The  Method  of  the  Scien- 
tists, Sch.  Sc.  and  Math.  18:  735-745,  1918.)  on  the  ground  that  the  emotional 
factor  is  disregarded.  They  have  also  been  attacked  on  the  ground  that  "a  cut 
and  dircd"  formula  of  such  simplicity  covers  inadequately  a  very  complex  process. 
The  first  objection  is  not  without  basis,  but  such  fuller  statements  of  the  "com- 
plex process"  as  we  have  seen  are  in  essence  identical  with  Huxley's  description. 


APPENDIX  B. 

Tables  IX  A,  IX  B,  IX  D,  IX  E,  and  IX  F  are  subsidiary  to  Table  IX 
(Page  61).  Similar  Tables  for  Tables  X — XX  are  on  file  at  the  University  of 
Toronto. 
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Table  IX  A,     Course  of  study  pursued  by  reagents  of  Training  Group  (Studying 
Middle  School  Physics). 
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Table  IX  B.     Course  of  study  pursued  by  reagents  of  Control  Group,  (without 

Physics). 
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Table  IX  D.     Comparison  of  Training  Group  (I)  (with    Physics)   and   Control 

Group  (II)  (without  Physics)  in  respect  of  Sex,    IQ,    Chronological   Age,   and 

initial  Score  in  Tests  1-5. 
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Table  IX  E.     Scores  made  by  reagents  of  Training  Group  (witli  Middle  School 
Physics)  in  Tests  1-5  in  October  and  March 
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Appendix  B 


Table  IX  F.     Scores  made  by  reagents  of  Control  Group  (without  Physics)  in 
in  Tests  1-5  in  October  and  March. 
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Test  in  Observation  and  Reasoning 


SCHOOL. 


NAME. 


Given  names 


DATE. 


Underline  each  of  the  following  LOWER 
and  MIDDLE^/^^UPPER  SCHOOL  Subjects 
you  are  studying  THIS  YEAR. 


LOWER  SCHOOL 

English  Literature 

English  Cou.poaitijn 

Cauadiau  History 

Algebra 

Geometry 

Arithmetic 

Grammar 

Art 

G  eography 

Physiography 

Botany 

Zoology 

A^niculture  and  HorticultuiP 

Latin 

French 

Greek 

German 

Household  Science 

Commercial  Subjects 

Manual  Training 


MIDDLE  SCHOOL 

English  Literature 

English  Composition 

Algebra 

Geometry 

Physics 

Chemistry 

Agriculture  and  Horticulture 

Biitish  History 

Ancient  History 

Latin  Authors 

Latin  Composition 

French  Authors 

French  Composition 

Greek 

German 

Household  Science 

Commercial  Subjects 


UPPER  SCHOOL 

English  Literature 

English  Composition 

Algebra 

Geometry 

Trigonometry 

Modern  History 

Physics 

Chemistry 

Botany 

Zoology 

Latin  Authors 

Latin  Composition 

French  Authors 

French  Composition 

Greek 

German 


Have  you  underlined  each  Subject  studied  by  you  this  year  in  Lower  and    Middle    and 
Upper  School  ? 

L    As  soon  as  you  get  this  Booklet  fill  in  all  Blanks  on  this  Page. 
2.— Do  not  open  this  Booklet  until  the  signal  to  do  so  is  given. 
3.— The  total  time  for  this  test  is  30  minutes. 


TEST  1 

DIRECTIONS 

Note  the  relationship  between  the  first  two  words  on  each  line.  The 
problem  is — find  the  word  eunong  the  last  four  which  has  the  same  relation- 
ship to  the  third  word.      When  you  find  the  word  underline  it. 

(Time   1  1/2  Minutes) 

SAMPLE 

cat — kitten  :    :  hen — duck      fowl      chick      run 

stable — horse   :    :  kennel —  cow      hay      house      dog 

1.  Bacon — pig    :   veal —  calf,  food,  meat,  cow. 

2.  Joy — happiness    :    misery —   emotion,  sorrow,  disease,  love. 

3.  Pain — discomfort    :    rapture —   ....misery,  joy,  welfare,  beauty. 

4.  Air — aviator    :   sea —  ship,  sailor,  ocean,  float. 

5.  Foot — leg    :   hand —   arm,  finger,  toe,  nail. 

6    Supporter — fanatic    :    moderation,  devotee,  bigot,  excess,  belief. 

7.  Peninsula — island    :   bay —   lake,  gulf,  river,  continent,  land. 

8.  Evil. ...character    :   disease —  ugliness,  infection,  cure,  body. 


Now  do  Test  ^/\ 


TEST  I  A 
DIRECTIONS 

In  each  line  there  is  one  word  that  should  not  be  there.      Cross  it  out. 
(Time  1  V2  Minutes) 

SAMPLE 

Cat,      cow,      dog,      fish,      horse. 
The  word  "fish"  should  not  be  here  and  should  be  crossed  out. 

Monday,      Friday,      January      Tuesday,      Saturday. 
"January"  should  be  crossed  out.  * 

1 .  Black,  red,  green,  blue,  sour. 

2.  Teacher,  kindergarten,  public  school,  university,  normal  school. 

3.  Finger,  eye,   ear,  chin,  nose. 

4.  Violin,  radio,  bugle,  flute,  piano.  'J 

5.  Thomas,  justice,  people,  sure,  Toronto. 

6.  King,  waitress,   empress,   sister,  queen. 

7.  France,  Italy,  Mexico,  United  States,  Germany. 

8.  Receive,   relieve,   achieve,   specie. 


Do  not  turn  page  until  told  to  do  so 


f 

TEST^ 
DIRECTIONS 

On  each  line  is  a  list  of  words.  These  words  refer  to  things  belonging 
to  two  or  more  quite  different  groups.  Try  to  distinguish  each  group.  Then 
underneath  words  of  any  one  group  write  the  figure  1 ,  underneath  those  of  a 
second  group  write  the  figure  2.  If  there  is  a  third  group  treat  it  similarly, 
it  does  not  matter  which  group  is  1   etc. 

(Time  2  1/2  Minutes) 

SAMPLES 

Sparrow,      cat,      dog,     robin. 

12  2  1 

Monday,     January,      Tuesday,     May.  .       •       ' 

12  12 

1 .  Professor,   red,   white,   teacher. 

2.  Judge,   lawyer,   carpenter,   mason. 

3.  Arithmetic,   algebra,   tennis,    geometry,   swimming. 

4.  Spring,  influenza,  apple-blossoms,  autumn,  goldenrod,  pneumonia. 

5.  Height,  bravery,  temperance,  policeman,  weight,  detective. 
6  Boy,  morality,  manliness,   London. 

7.         Father,  girl,  cousin,  friend,  woman,  uncle,  chum. 

Now  do  Test^ 

TEST^ 

DIRECTIONS 

Note  the  relationship  between  the  first  three  words  on  a  line.  Then 
underline  that  word  among  the  last  five  which  bears  the  greatest  similarity  to 
the  three. 

(Time  2  '/2  Minutes) 

SAMPLES 

Rose,  pansy,  lily  grass,  tree,  beauty,  perfume,  daisy. 

Child,  colt,  lamb  play>  kitten,  infancy,  cute,  love. 

1.  King,  Sultan,   Emperor  Viceroy,  Governor-General,  Vice- 
President,  Prince,  President. 

2.  Hat,   cap,   helmet collar,  coat,  dress,  glove,  bonnet. 

3.  Linen,    cotton,    silk    asbestos,    flannel,  rubber,  paper,  leather. 

4.  Lake,  bay,  gulf  peninsula,  cape,  island,  ocean,  continent. 

5.  Radio,  telephone,  automobile  gunpowder,   glass,   wine,  sculpture, 

phonograph. 

6.  English,   Irish,   Welsh,    French,    Dutch,  Scotch,  Swiss,  Belgian. 

7.  Aunt,  stepmother,  neice  ....cousin,   relative,  uncle,  grandmother,  nephew. 

8.  Water,  molasses,   pop  ice-cream,  tar,  thirst,  sweetness,  cool. 

Do  not  turn  page  Unti^old  to     do  so 


TEST 


4 


DIRECTIONS 


There  is  a  relationship  between  the  numbers  on  a  Hne.      Find  out  what 
this  relationship  is,  and  then  write  on  the  dotted  Hnes  the  next  two  numbers. 

Time  4  minutes 


2 

4 

6 

8 

10 

12 

14 

16 

80 

70 

60 

50 

40 

30 

20 

10 

I. 

1 

3 

5 

7 

9 

1  1 

2. 

16 

14 

12 

10 

8 

6 

3. 

5 

7 

6 

8 

7 

9 

4. 

3 

4 

6 

8 

12 

16 

5. 

1 

3 

2 

6 

4 

12 

6. 

2 

9 

5 

6 

8 

3 

7. 

2 

5 

9 

14 

20 

27 

8. 

2 

4 

6 

8 

10 

16 

Do  not  turn  over  until  told  to  do  so 


TEsr  £* 


DIRECTIONS. — Note  carefully  the  relationsliip  between  the  First  Three  P'igures  on 
aline.  Then  underline  that  figure  among  the  Last  Four  which  bears  the  greatest 
Similarity  to  these  three. 


SAMPLES 


Time  3  Minutes 


-e- 


OUo- 


,i=^ 


r\J  ^  C> 


iir 


Continue  on  next  page 


o^^es 


L  X  li 


Do  not  turn  over  until  told  to  do  so 


TEST  ^f{ 


DIRECTIONS 


Notice  on  each  of  the  horizontal  lines,  meaningless  groups  of  letters. 
Compare  the  letters  in  one  group  with  those  in  the  other  groups.  The  prob- 
lem is  to  complete  the  last  letter  group  in  each  line.  Your  study  of  the  letter 
groups  on  the  same  line  will  help  you. 


Time  4  minutes 


SAMPLES 

abd,        adc,        akd, 
Itf,        tksf,        ytpf, 
andb,        jtnbyd,        ajx, 


pzmf   t 


Inbsd, 


knbr   d 


1 .  abcx,  aghx,        atx,        amnx 

2.  mns,  nps,        fns,        nips 

3.  rbnto,  orjtan,        rnkt 

4.  xamc,        xbmc,     rmx,  dtl 

5.  sfrd,  frk,        jksmd,        rafl 
6  mrcph,        rpch,        rch,        cpu 

7.  axtpz,        zmnakx,        xpaz 

8.  anb,  pm,   aanbb,   aaanbbb 


ak. 

jnk. 
nbtk. 

xfg. 

plfx. 

mrc. 

ayp. 
aaaa. 


Do  not  turn  page  until  told  to  do  so 


TEST  7 
WRITE  ANSWERS  OPPOSITE  QUESTIONS.     WORK  QUICKLY. 

1.  What  colour  is  the  school   flagstaff? 

2.  Is  the  school  flagstafT  higher  than,  lower  than,  or  the  same  height  as  the 
school? 

3.  How  many  windows  are  there  on  the  front  of  the  school? 

4.  How  many  pillars  are  there  on  the  front  of  the  school? 

5.  There  is  a  notice,  "No  parking  allowed"  outside  the  school.     In  what  colour 
of  chalk  is  it   printed? 

6.  How  many  faces  are  there  on  the  town  clock? 

7.  How  many  panels  are  there  on  the  door  of  the  teacher's  office? 

8.  How  many  red-brick  houses  are  on  the  right  side  from  the  town-hall  to  Main 
Street  church? 

9.  What  is  peculiar  about  the  way  in  which  the  front  door  of  the  school  opens? 

10.  Who  is  the  author  of  your  Algebra  textbook? 

11.  What  is  the  colour  of  the  school  doors? 

12.  What  colour  is  your  botany  textbook? 

13.  How  many  shrubs  are  there  with   red  leaves  in   the  school   garden  along 
the  fence? 

14.  Is  the  skating  rink  higher  than,  lower  than  or  the  same  height  as,  — ■ — ■ — -'s 
produce  store  on  its  south  side? 

1.5.  Where  would  one  pass  under  the  first  tree  in  walking  directly  from  the  — ■ — ■ — 
store  to  Main  Street  church? 

16.  How  many  screw  nails  are  their  in  a  pair  of  scissors? 

17.  What  does  the  woman  in  the  — advertisement  wear  on  her  head? 

18.  Complete  the  following  advertisement  for — • — ■.  — — ■  is  — ■ — •. 

19.  Name  one  article  bought  or  sold  in  the  first  store  south  of ■ — ^'s. 

20.  What   was   the   first   thing   your  algebra   teacher  did   after  rapping  on   the 
desk? 
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